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Actual  display  drawn  by  dd 
of  its  own  block  diagram. 


fast,  flexible,  functional  -  -  -  -  dd  40 


Designed  for  effective  application  to  a  wide  range 
of  display  requirements,  the  dd  40  is  a  modular 
digitally  driven  CRT  system  offering  high-speed  per¬ 
formance  at  low  cost,  The  basic  system  includes 
interface  logic,  symbol  generator,  display  control 
logic  and  a  19-inch  CRT  monitor.  Available  options 
include: 

•  Vector  and/or  line  drawing  capability 

•  Tabular  (typewriter- 1  ike)  page  format 

•  Parallel  remote  monitor(s) 

•  Buffer  memory  (for  off-line  display  repetition) 

•  Camera  recorder  (for  high  speed  data  recording) 

•  Light  pen,  trackball,  keyboard/function  keys 


fast 

3,900  characters  at  a  flicker-free  rate  (40  cps) 
Approximately  four-times  the  speed/capacity  ratio 
of  most  display  systems. 

flexible 

Varied  character  generation  —  many  type  fonts, 
straight  and  curved  strokes,  horizontal  and  vertical 
orientation,  dim  or  bright  symbols. 

Capability  of  adding  parallel  "slave"  units  at  low 
cost. 

Ability  to  add  a  camera  recorder,  for  permanent 
record  of  any  display. 

functional 

Command  and  Control— Impact  Prediction  and  Range 
Safety— Systems  Simulation  — Language  Translation 
—Missile  Systems  Checkout  and  Monitoring. 
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Now  there’s  a  whole  family  of 
high-contrast  storage  tubes  that  take  85  volts 
instead  of  10,000  to  remove  background  brightness 


by  dd  4[ 
□gram.  | 


U1KXC 
1  U£  TU,f 


I  Range 
lslation 


Now  you  can  get  a  dark  background  without  switching 
the  phosphor  high  voltage -thanks  to  a  patented  new 
Westinghouse  design.  This  reduces  weight,  volume  and 
demand  on  the  power-pulse  source  from  a  10,000-volt 
Pulse  to  85  volts. 

These  new  storage  tubes  bring.  “TV  contrast”  to 
radar  display  by  combining  extremely  high  contrast 
Jyith  the  ability  to  reproduce  as  many  as  seven  half 
tones  (shades  of  gray). 

And  if  it's  rugged,  long-life  reliability  you  Ye  looking 
*or,  look  no  further!  Westinghouse  display  storage 
tubes  withstand  up  to  10  G's  vibration  and  30  G’s  of 


shock  for  2,500  operating  hours  from  — 65#C  to  150°C. 
At  120  lines  per  inch,  their  resolution  leads  the  industry. 

Diameters  of  3",  4",  5"  and  T  can  be  made  with  writ¬ 
ing  speeds  to  1,000,000  inches  per  second,  brightness  to 
3,000  foot  Lamberts  and  storage  times  to  60  seconds. 
For  complete  data,  write  Westinghouse  Electronic  Tube 
Division,  Elmira,  N.  Y.  Or  Westinghouse  International 
Corp.,  200  Park  Avenue,  New  York,  New  York. 

You  can  be  sure  if  it's  Westinghouse 
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whether  you  design  instruments  like  this 


you’ll  find  NIXIE®  tubes  easy  to  use 


because  we’ve  developed  accessories  and  packages  that  trans¬ 
late  your  system  output  into  a  numeric  or  alpha  numeric  display. 

For  instance  —  whether  you're  working  with  straight  decimal 
or  BCD,  our  solid  state  socket  packs  decode  and  drive  NIXIE 
tubes  direct.  If  you  require  memory,  we  have  a  new  memory  driver 
for  NIXIE  tubes  which  utilizes  a  planar  silicon  controlled  switch 
and  costs  40%  less  than  previous  techniques*  Packages  and 
instruments  available  to  suit  your  particular  requirements  are: 
'BCD  to  D  Decoder/Drivers  *  Straight  Decimal  Drivers  -  Decimal 
Counters  ■  BCD  to  D  Memory  Drivers  •  Straight  Decimal  Memory 


Drivers  *  Bi-directional  Counters  *  Binary  to  Decimal  Converters* 
A  sampling  of  systems  we're  ready  to  be  part  of  —  or  supply  in 
their  entirety  —  includes;  *  industrial  control  displays  *  stock 
quotation  displays  *  sequence  control  panels  •  test  equipment 
display  panels  •  simulation  equipment  *  traffic  schedules  *  date 
and  time  displays  •  news  flash  displays  *  ,  .  and  other  general 
information  distribution  systems. 

We'll  be  glad  to  supply  complete  information,  technical  details 
or  consultation  on  our  NIXIE  tube  accessories  and  systems.  Write 
today  for  the  NIXIE  tube  catalog  and  associated  literature* 
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WHY  A  SQUARE 
THAT'S  OUT  IS  “IN” 

HOW  I  EE  SQUARED  THE  CIRCLE 
TO  GET  4-TIMES  BRIGHTNESS 
FROM  A  REAR-PROJECTION 
READOUT 


We're  real  big  in  squares  and  circles  this 
year.  Bigger  yet  in  getting  our  popular 
Series  10  rear-projection  readouts  to  de¬ 
velop  4 -times  greater  character  brightness 
than  ever  before  (this  with  conventional 
MS  or  commercial  lamps  operated  strictly 
at  rated  voltage!)*  The  trick  is  in  the  lens* 

Above  is  a  horizontal  view  (actual  size) 
of  the  old  12-position  lens*  The  dotted 
square  inside  the  circular  lens  represents 
the  actual  usable  area  that  formerly  aver¬ 
aged  about  20  foot-lam  berts  with  6.3  v 
lamps  (as  bright  or  brighter  than  competi¬ 
tive  devices)*  To  get  even  greater  bright¬ 
ness  while  using  the  same  lamps  at  rated 
voltage,  usable  lens  area  had  to  be  in¬ 
creased.  Our  problem  was  limited  space. 
So  we  put  our  theoretical  square  outside 
the  circle  (shown  in  red  above). 

Next,  we  made  the  individual  lenses 
larger  to  encircle  the  larger  square.  Now 
we  had  an  overlap  problem.  This  we  solved 
by  squaring  the  circles  to  leave  off  the 
unused  portions,  shown  below.  It’s  a  bit  un¬ 
conventional,  or  so  our  lens -maker  tells  us. 
The  results,  however,  are  most  rewarding* 


The  new  Series  10  readout  now  averages 
over  75  foot-lamberts  of  character  bright¬ 
ness  when  used  with  6.3  v  lamps  at  rated 
voltage ,  The  increased  brightness  means 
visual  clarity  at  wider  angles  and  longer 
distances,  excellent  readability  even  under 
adverse  high  ambient  light  conditions. 

And,  there’s  an  extra  benefit  if  you’re 
not  overly  concerned  with  all  this  bright¬ 
ness:  operate  the  IEE  readout  at  reduced 
voltage  and  you’ll  get  double  brightness 
plus  10  times  the  lamp  li/e  (up  to  30,000 
hours  from  6.3  v  lamps  operated  at  5,3  v)* 


CUT-AWAY  SHOWS  HOW  NEW 
SERIES  t0  READOUT  OPERATES: 


A.  STANDARD  MS  OR  COMMERCIAL  LAMP 

B.  SQUARE  UGHT-CQLLECTING  LENS  UTILIZES 
APPROX.  100%  MORE  EIGHT  THAN  OLD 
SYSTEM ;  TRANSMITS  DOUBLE-SIZE  CONE 
TO  CONDENSING  LENS 

C.  DUAL  SQUARE-LENS  CONDENSERS 
PROVIDE  GREATER  COVERAGE  AT  LOWER 
MAGNIFICATION 

D.  FILM  CONTAINING  DISPLAY  SYMBOL 
{NUMBERS,  LETTERS,  WORDS, 

SYMBOLS,  COLORS? 

E.  PROJECTION  LENS 

F.  NON  GLARE  VIEWING  SCREEN 

G.  4-TIMES  BRIGHTER  CHARACTER  1-1/16" 
HIGH  (MAX.) 

Of  the  four  12-position  lenses  used  in  the 
new  readouts,  three  are  of  the  new  square- 
lens  type  (Pat.  Pend.) .  The  increased  usa¬ 
ble  area  permits  each  lens  to  collect  twice 
the  light  and  to  project  the  message  indh 
cation  with  half  the  magnification  for¬ 
merly  required.  These  factors  produce 
4 -times  the  brightness  of  older  units. 

DIGITAL  INSTRUMENTS  BY 
ELECTRONIC  ASSOC! ATESJnc... 
VISUAL  TRANSLATION  BY  IEE 

For  visual  translations,  EAI  relies  on  IEE. 
That’s  why  so  many  EAI  digital  instru¬ 
ments  are  equipped  with  our  rear-projec¬ 
tion  readouts.  Where  else  can  you  get  such 
an  impressive  array  of  important  advan¬ 
tages?  Visual  clarity,  wide-angle  readabil¬ 
ity,  single-plane  display  for  crispness 
(instead  of  visual  hash)*  Not  to  mention 
display  versatility  that  permits  you  to 
indicate  anything.  (We  mean  that  quite 
literally.  Anything  you  can  put  on  film, 
colors  included,  can  be  displayed  on  an 
IEE  readout,)  And,  you  get  12  message 
positions  that  may  be  displayed  individu¬ 
ally  or  in  combination. 

If  you’re  in  the  market  for  a  really  good 
Hemoto  Visual  Display  or  an  exceptional 
solid -state  DVOM,  we  hope  you  look  at 
the  EAI  units  shown  here.  While  you’re  at 
itT  we  hope  you’ll  notice  the  excellent  vis¬ 
ual  translations,  too! 


HUMAN  FACTORS: 

The  scanning  male  A  standing  female 

As  builders  of  display  devices  for  a  variety 
of  applications,  we  are  extremely  inter¬ 
ested  in  human  engineering  studios.  The 
July /August,  1963,  issue  of  Vending  Engi¬ 
neer  contained  drawings  by  Walter  Koch, 
Industrial  Designer,  on  which  the  above 
illustrations  are  based  (with  permission). 

The  drawings  show  one  of  the  basic  lim¬ 
itations  imposed  on  vertical  display  areas 
by  physical  size  of  people.  Studies  show 
that  the  effective  viewing  area  of  most 
people  is  only  about  30%  of  the  total  of 
most  floor-standing  vertical  displays.  We 
suspect  this  data  is  of  interest  to  readers 
outside  the  vending  machine  industry 
since  human  engineering  deals  in  one  uni¬ 
versal  factor:  people. 


HOW  TO  INDICATE  STATUS 
CONVINCINGLY  &  IN  LESS 
THAN  5  SQ.  IN, 


This  little  box  isn’t 
quite  2¥/*  x  2"  yet  it 
replaces  12  indicator 
lights!  With  it,  you 
can  display  the  sta¬ 
tus  of  just  about 
anything  with  just 
about  any  combina¬ 
tion  of  colors,  sym- 
bols,  numbers, 
letters,  words;  up  to  12  individual  messages 
all  in  a  single  plane  and  for  as  low  as 
per  indication.  If  you’re  interested,  it’s 
called  '’Status  Indicator"1®  and  we  supply 
it  ready -to -use  with  message  configurations 
custom-designed  to  your  requirements. 


St  1«J  ItE 


Your  inquiry  will  bring  the  comprehensive  new  “Readout  Display  Selector  Guide ”  which  includes 
specifications  and  other  technical  i?i./ormatiou  on  the  entire  IEE  line  o/  readout  devices. 

INDUSTRIAL  ELECTRONIC  ENGINEERS,  INC. 

7720  Lemona  Avenue,  Van  Nuys,  California  -  Phone:  (213)  787-0311  *  TWX:  (213)  781-8115 
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ANTHONY  DEMONS 


The  inauguration  of  Information  Dis¬ 
play  as  the  official  publication  of  the  Society 
is  a  significant  step  in  the  growth  anti  de¬ 
velopment  of  our  group.  The  Journal  repre¬ 
sents  the  culmination  of  a  concentrated  ef¬ 
fort  by  the  pioneers  of  this  organization  to 
establish  the  Society  as  a  technical  body  in 
the  family  of  technical  societies.  In  this  re¬ 
spect  the  journal  will  add  emphasis  to  the 
need  for  the  crystallization  of  our  technical 
role. 


The  work  of  the  Society  seems  to  me 
to  be  cut  out  for  itself.  At  present  the  mem¬ 
bership  of  the  Society  for  Information  Dis¬ 
play  consists  of  some  of  the  outstanding 
display  scientists  and  engineers  now  in  this 
country.  In  addition,  the  growing  number 
of  our  sustaining  subscribers  reflects  a  posi¬ 
tive  interest  by  industry  in  our  group.  Soon 
the  Society  hopes  to  boast  of  chapters  in 
Europe  and  the  Far  East,  bringing  into  our 
community  scientists  and  engineers  from 
other  countries  and  nations  to  compliment 
our  own  talents.  With  this  enviable  resource 
we  can  be  in  a  position  to  significantly  in¬ 
fluence  the  course  of  information  display 
technology. 

I  sense,  therefore,  that  for  the  immedi¬ 
ate  future  our  greatest  need  is  to  concern 
ourselves  with  the  nature  of  our  mision.  It 
seems  to  me  that  the  problems  of  informa¬ 
tion  display  are  not  sufficiently  defined  so  as 
to  instill  in  us  the  quest  for  debate  and  in¬ 
quiry.  The  division  of  information  display 
technology  into  so  called  "hardware”  and 
"software"  has  led  to  camps  of  interest  with 
inadequate  crosstalk  and  mutual  understand¬ 
ing.  The  focus  of  attention  to  the  kinds  of 


problems  we  have  been  concerned  with  has 
been  too  parochial.  Our  concerns  should  be 
broader.  Our  interests  should  branch  into 
education,  medicine,  news,  while  maintain¬ 
ing  our  current  focus  on  the  problems  of 
the  military.  We  must  not  be  timid  in  an¬ 
nouncing  the  possible  contribution  that  we 
may  be  in  a  position  to  make  to  these  pro¬ 
fessions.  To  all  of  these  conditions  we  must 
set  to  work  and  define  the  task  and  outline 
our  plan  for  accomplishment 

ANTHONY  DEBONS 
President,  SID 


Elected  President  of  the  Society  for 
Information  Display  at  the  Third  National 
Symposium  in  San  Diego  (Feb.  26-27))  An¬ 
thony  Dehons  is  a  psychologist  at  the  Uni¬ 
versity  of  Dayton . 

He  was  affiliated  with  the  Rome  Air 
Development  Center  from  1957  until  last 
year ,  initially  as  Chief  of  the  Human  Engi¬ 
neering  Laboratory  and  finally  as  Director , 
Directorate  of  Displays .  Col,  D ebons  served 
as  Chief 3  Visual  Displays  Section  of  the 
Aeromedical  Laboratory ,  Wright  Patterson 
AFB,  1955-1956,  following  assignment  as 
Research  Officer  at  the  facility  in  1 953 , 

Previously .  he  had  established  a  Psy¬ 
chological  Research  Department  at  the  Arc¬ 
tic  Aeromedical  Laboratory  in  Fairbanks , 
by  request  of  the  Secretary  of  the  Air  Force, 
and  had  been  Research  Officer  to  the  Psy¬ 
chological  Research  Laboratory  at  Lackland 
AFB , 

He  received  a  B.A.  degree  at  Brooklyn 
College  in  1948,  and  PhD  in  Experimental 
Psychology  from  Columbia  University  m 
1954 

In  addition  to  SID  responsibilities ,  Dr , 
D ebons  is  a  member  of  the  American  Psy¬ 
chological  Society ,  Human  Factors  Society, 
Sigma  Xit  and  the  American  Physics  Society, 
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by  Helmut  Weiss 


Wide-Angle 

Slide 

PROJECTION 


How  to  Beat  the  Cos**  Law 
of  Illumination 


Summary 

The  distribution  of  screen  illuminance 
from  a  slide  projector  does  not  have  to 
follow  the  “Cos1  Law  of  Illumination” 
but  can  be  controlled  by  proper  de¬ 
sign  of  the  illuminating  condenser* 
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Introduction 

Light  transmission  through 
condenser 

Effects  of  objective  lens  on 
screen  illuminance 
Paraxial  screen  illuminance 
Oblique  screen  illuminance 
II  In  min  a  nee  from  Lambertian 
source  with  aplanatic  condenser— 
Cos4  Law 

Illuminance  from  isotropic  source 
Control  of  illuminance  distribution 
Uniformity  condition  for 
isotropic  source 
Uniformity  condition  for 
collimated  isotropic  source 
References 


As  we  shall  see,  the  use  of  an  ortwil 
directional,  or  isotropic,  light  source? 
represented  in  good  approximation  b) 
the  modem  short-arc  lamps,  goes  a  loai 
way  in  reducing  the  decline  of  screei 
illuminance  with  increasing  project wi 
angle.  With  any  light  source,  however 
the  distribution  of  screen  illuminance 
can  be  fully  controlled  by  proper  eon 
denser  design. 
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1.  Introduction 

The  Cos4  Law,  by  its  very  name,  is 
surrounded  with  an  air  of  authority*  It 
has,  for  example,  been  stated  in  an 
AMERICAN  STANDARD  [1]  which 
deals  with  photography  and  projection. 
Applied  to  projection  with  a  90°  field, 
the  Cos4  Law  predicts  a  drop  of  illu¬ 
minance  from  100$  at  the  center  of  the 
screen  to  25%  at  the  corners, 


The  uniformity  condition  derived  i 
this  paper  was  independently  eslal 
Hshed  in  1959  [31  and  used  in  the  su< 
cessful  development  of  a  projection  cl  is 
play  which  covered  a  held  of  90° «  If 
subsequent  discussions,  K.  PESTRfi 
COY  called  the  authors  attention  f 
earlier  approaches  to  the  same  probleifl 
Probably  the  first  and  most  comprehert 
sive  discussion  was  given  by  STRA^ 
BEL  [4]  in  1930.  A  U.S.  Patent  1* 
granted  to  H.  O.  OSTERBERG,  R.  *jj 
MULLER,  and  R.  K,  LUNEBURG  A 
scribed  control  of  screen  illuminance 
appropriate  design  of  the  condense 
Some  of  LUNEBURG’s  work  has  moi 
recently  been  reported  by  W.  WA 
LIN  [6], 
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FIGURE  1  (fa gh IJ,  PrajecLor  sche¬ 
matic  showing  condenser  directing 
illumination  through  aperture  of 
the  objective. 

FIGURE  2  (above).  Continuity  of 
light  transmission  through  conden* 
ser.  Full  symmetry  of  revolution  is 
assumed. 

FIGURE  3  (left).  Aperture  match¬ 
ing  by  relay.  Interposition  of  an 
optical  transformer  results  in  de- 
mognification  of  the  condenser 
aperture,  matching  its  image  with 
the  frame. 


apply  ta  The  discussion  in  this  paper  is  aimed 
the  chs«  at  the  problems  encountered  by  the 
special  designer  of  transparency  projectors  for 
with  aa  data  display.  Examples  illustrate  how 
haracter  pie  light  distribution  on  the  screen  dc- 
itic  coni  pends  upon  the  directional  properties  of 
both  the  light  source  and  the  illuminat- 
g  ing  condenser.  The  condition  which  the 
t  source  con^fmser  must  satisfy  to  provide  uni- 
..  i.  form  screen  illuminance  is  derived  and 
es^a  lonf  ^eometr*calIy  interpreted. 

of  screes  2*  Light  transmission  through 
project  to  condenser 


however 
uminanO 
jper  con* 


The  condenser,  which  precedes  the 
slide  to  be  projected  (Figure  1),  directs 
the  illuminating  light  rays  through  the 
aperture  of  the  objective,  where  they 
f°rm  a  more  or  less  well  defined  image 
the  fight  source. 

Without  being  more  specific  about 
10  Imaging  properties  of  the  con  den - 
Sei>  we  assume  that  the  condenser  is 
shgmatic,  i.e.  that  it  concentrates  all 
Jtiys  originating  at  the  center  of  the 
”fthl  source  in  another  mathematical 
point  P'. 

Assuming-  further  that  the  angle  sub- 
1 Kind  by  the  light  source  at  the  ccn- 
**  of  the  condenser  is  very  small,  vve 
with  regard  to  the  condenser,  con- 
^  er  both  the  light  source  and  its 
u,*ige  as  point  sources. 

Except  for  reflection  and  absorption 
\^QS  in  the  condenser,  which  vve  neg* 
1  *  u  pencil  of  light  centered  at  P 
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must  now  carry  the  same  light  flux  as 
its  conjugate,  centered  at  F,  Assuming 
full  symmetry  of  revolution,  as  in  Fig- 
ore  2,  we  can  make  an  analog  statement 
for  the  light  flux  contained  between  the 
cones  of  half-aperature  «  and  at  -f-  da 
centered  at  P,  and  between  the  cones  of 
half-aperture  a7  and  a'  dc/t  centered 
at  P'.  We  have  therefore, 

2tt  sill  a  da  1(a)  ~  ,  . 

2tt  sin  g7  dec'  Y(ef)t 

where  I(«)  is  the  intensity  of  the  light 
source  seen  under  the  angle  a  and  V  (</) 
the  intensity  of  its  image  seen  under  the 
angle  a\ 

This  condition,  which  expresses  the 
continuity  of  light  flux,  applies  to  any 
pair  of  conjugate  angles,  a  in  the  object 
space  and  </  in  the  image  space  of  the 
condenser,  regardless  of  the  particular 
lens  design.  The  condenser  does  not  have 
to  be  a  single  lens.  It  may  be  a  multiple t 
or  even  a  system  of  widely  spaced  relay 
lenses,  provided  the  assumptions  specified 
above  do  still  hold. 

3.  Effects  of  objective  lens  on 
screen  illuminance 

Usually,  the  objective  lens  will  he 
designed  for  negligible  image  distortion, 
so  that  light  rays  through  the  center  of 
the  lens  continue  as  straight  lines. 
Therefore,  when  no  slide  is  in  the  pro¬ 
jection  gate,  the  objective  lens  has  no 
effect  on  the  distribution  of  screen  illu¬ 


minance,  as  long  as  it  causes  no  actual 
loss  of  light. 

Light  losses  could  be  caused  by  re¬ 
flection,  absorption,  and  physical  ob¬ 
struction,  These  effects  tend  to  increase 
with  the  angle  of  obliquity,  and  affect 
not  just  the  level  but  also  the  distribu¬ 
tion  of  screen  illuminance. 

Physical  obstruction  by  mechanical 
apertures  or  lens  mounts  is  only  one 
form  of  "vignetting";  the  other  form  is 
"optical  compression  or  expansion  of 
the  beam  due  to  the  un symmetrical  re¬ 
fraction  of  oblique  rays  at  the  various 
lens  surfaces."®  However,  as  should  be 
obvious  from  the  foregoing  discussion, 
this  second  form,  purely  optical  vignet¬ 
ting,  can  have  no  effect  on  the  light  dis¬ 
tribution  on  the  screen  if  the  rays 
through  the  center  of  the  objective  lens 
are  not  broken,  i.e,  if  the  lens  is  free 
from  image  distortion. 

For  the  purpose  of  the  following  dis¬ 
cussion  we  assume  that  the  objective 
lens  is  distort!  on- free  and  loss -free, 
which  enables  us  to  disregard  its  pres¬ 
ence  entirely. 

* Quoted  from  American  Standard  [1  ] 

4,  Paraxial  screen  illuminance 

Regardless  of  the  particular  optical 
design  of  the  condenser  (which  we  only 
assumed  to  be  stigma  tic),  its  central  por¬ 
tion  produces  a  well  defined  radial  mag¬ 
nification, 
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FIGURE  4.  Relative  screen  illuminance  from  isotropic  source  with 
aplonaHc  condenser,  (Refer  to  Section  7  on  facing  page). 
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To  calculate  the  screen  illuminance 
the  vicinity  of  tire  axis,  for'  which  ord 
the  central  portion  of  the  condenser 
responsible,  we  let  *v,  ar  ^  0  and  obtain 
from  (2.1)  with  (4,1) 


l'(0)  ~  m*  1(0). 


Referring  to  Figure  1,  we  assim^ 
now  that  the  light  source  image,  formed 
by  the  condenser  in  the  aperture  of  ib% 
objective,  is  small  compared  with  the 
projection  distance,  p,  so  that  with  rei 
garcl  to  the  screen,  it  can  be  treated  as  ? 
point  source.  We  have  then  in  the  vicin 
ity  of  the  point  D„  situated  on  the  axis 
of  the  system  at  the  distance  p  from  the 
objective,  the  screen  illuminance 


or,  with  (4.2), 


e<o)  ^  r(o)  /  p* 


E(0)  —  m 1(01  /  p-,  (4,3) 


Tills  equation  shows  that  lire  paraxial 
screen  illuminance  is  proportional  to  the 
area  magnification  of  the  light  source  by 
the  condenser,  provided  the  aperture  of 
the  objective  is  wide  enough  to  contain 
the  light  source  image. 


In  * 
mu  tic 


For  a  given  projection  angle  &'vxnx  an| 
condenser  aperture,  the  paraxial  light 
source  magnification  in(.  increases  with 
the  half-aperture  of  the  light  cone 
intercepted  by  the  condenser.  The  quaiy 
titative  relationship  depends  upon  the  ^ 
imaging  properties  of  the  con  dense!  ulr/1 
which  will  he  discussed  later,  i  ( 

The  angle  «11mx  is  limited  only  bj  ^4ierej 
the  radiation  pattern  of  the  source.  If  lu 
the  physical  dimensions  of  the  lainn  or 


ms  ot  tiie  Jamp  oi 
the  thermal  load  on  the  condenser  cn!  a' tons* 
force  a  wide  separation  between  the  ® ™ 
light  source  and  the  condenser,  the  coni  /mm^ 
densei'  may  become  considerably  largo] 
than  the  frame  to  be  projected.  In  that.  Now 


tion  th 


case,  we  can  interpose  an  optical  trans; 
former  in  the  form  of  a  relay  (Figure  3 
which  demagnifies  the  condenser  aper 
tore  so  that  its  image  matches  the  frame. 

As  stated  in  Section  2,  this  will  not  af  denser 
Feet  the  validity  of  any  of  our  results* 


nn  age 
this  r© 
m  over1 


5*  Oblique  screen  illuminance 


This 
makes  I 


With 

Referring  to  Figure  1,  we  assuirt  reflect  in 
again  that  the  light  source  is  small  coflrj  itl  ^jS  ^ 
pared  with  the  projection  distance  p  ^  tmuity 
that  it  can  be  treated  as  a  point  sou  rtf  jjgg 

of  intensity  V  (o') . 

If  the  screen  surface  around  the  poifl 
D,  which  is  at  the  distance  p/cosoj 
from  the  objective,  were  oriented  norm*  j 

to  tlie  incident  light,  it  would  receiv*; ,, 

tine  illuminance  the  H 

In  true 

TP  /  P(tt')  j.  ,  / e  i>  Once 

EJtt  ^  — — cosV. 
n-  ■  x  [mensioij 

JiictuallyJ 

Actually,  it  is  tilted  by  the  angle  & 

^format! 
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bich  reduces  the  illuminance  to 
E(«')  =  En  (a')  cosa' 
or  with  £5-1) 

I'(o')  ,,  /cn, 

E(«')  —  ^2  cosW.  (5.2) 

According  to  the  continuity  condition 
(2.1  >,  the  intensity  of  I'(a')  of  the  light 
siiiirce  image  depends  upon  the  radia¬ 
tion  characteristic  of  the  lamp,  I  (a), 
;11«1  the  imaging  properties  of  the  con¬ 
formed  denser,  described  by  some  functional  re- 
”7riL  lationsiiip  between  the  conjugate  an- 
ith  llie  gh’S  and  «'■  Using  (4.3)  to  refer  in- 
..,  ten  si  tv  and  illuminance  to  their  paraxial 

xd'as-'a  values,  we  ohtain  from  (5.2)  and  (2.1) 

e  vicin^ 
tile  axis 


(4*1) 


ance  n 
?h  only 
aiser  is 
obtain 


(4.2) 


—  1  ^<0  co$\S  s'u  a 


rmn  the  E(6) 


m  - 


1(0) 


sin  iW  , 


0.3) 


iv  (4.3) 

paraxial 
i)  to  (lie 
>nrce  by 
a  t  ure  of 
contain 


’vvhere  m0  is  the  paraxial  light  source 
magnification,  defined  by  (4.1). 

g.  illuminance  from  Lambertian 
source  with  aplanatic  condenser— 
Cos4  Law 

The  luminance  L  of  a  Lambertian 
source  is  independent  of  the  viewing 
angle  so  that  its  intensity  1(a)  varies 
only  with  the  geometrical  projection  of 
the  luminous  area  $.  Thus,  a  flat  Lam¬ 
bertian  source,  seen  at  the  angle  a  from 
and  a  distance  that  is  long  compared  with  its 
ial  light  diameter,  has  the  intensity 
SCK  With  1(a)  —  LS  cos  a.  (6.1) 

^hl  tunc  Section  2,  we  postulated  a  stig- 

w  fpi.m-  matje  condenser,  capable  of  forming  a 
pon  I  ic  s|inrp  image  of  the  center  point  P  of  the 
mtlenser*  light  source.  If  the  source  occupies  an 
area  element  normal  to  the  optical  axis, 
on]v  different  zones  of  a  stigmatic  Jens  will, 
lurce.  1!  *n  fiener£lk  produce  images  of  different 
lamp  or  cation,  depending  upon  the  re- 

Miser  cm  ^honship  between  the  conjugate  an- 
'ecu  the  ^es  a  and  According  to  ABBE,  this 
the  ctm-  zonal  magnification  is 
ly  larger  m (a,  /)  —  sin  a/  sin  a'*  (6.2) 

■  hi  thtd  Now,  we  make  the  additional  assump- 
-ul  trans*  tion  that  the  condenser  forms  a  sharp 
Figure  3)  image  of  the  entire  luminous  area.  As 
ser  upeF  this  requires  a  constant  magnification 
he  frame*  m  over  the  entire  lens  aperture,  the  con- 
I!  not  ah  denser  must  now  be  designed  so  that 
results.  sin  a  /  sin  </  ^  m.  (6.3) 

I  This  is  ABBE*s  sine  condition,  which 
makes  the  lens  “aplanatic/' 

-  With  the  equations  (6.1)  and  (6,3), 
1  reflecting  the  special  assumptions  made 
na  t  t  T  p  ’V  section,  we  obtain  from  the  con- 

mu  p  .  tmuity  condition  (2.1)  the  intensity  of 
nt  source  the  i 

vne  light  source  image, 

the  poM  ,  f/(o')  =  L  m*  S  eos  a'.  (6.4) 

;  p/cos4  .  Comparing  (6.4)  with  (6.1),  we  see 
ad  normij  ;!at  image  of  the  light  source  ra- 
d  receive  Vates  like  a  Lambertian  source  with 
n'  Hiimz  luminance  as  the  lamp. 
Introducing  now  (6.1)  and  (6.3)  into 
(S.ll  °I1C«  the  light  source  is  a  three-di- 
J^CQSional  element,  however,  there  is 
angle  in  IU  ,Ja  ^  no  longer  any  justification  for 
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(5,3),  we  have,  finally,  for  the  screen 
illuminance  the  expression 

E(ttQ  =E(0)  coaV  (6.5) 
which  is  the  so-called  “Cos4  Law  of  Il¬ 
lumination/' 

To  see  the  Cos4  Law  in  proper  per¬ 
spective,  we  have  to  realize  that  its 
validity  rests  on  rather  special  assump¬ 
tions,  which  are  not  in  any  way  sacred. 
*For  proof ,  refer  for  example >  to  [7]. 

7.  Illuminance  from  isotropic  source 

Compact  arc  lamps,  which  come 
more  and  more  into  use  for  powerful  pro¬ 
jectors,  have  an  essentially  constant  in¬ 
tensity  over  the  angle  which  is  normally 
utilized.  The  illuminance  from  such  an 
isotropic  source  equipped  with  an  ap¬ 


lanatic  condenser  does  not  at  all  follow 
the  Cos4  Law* 

With  a  source  of  constant  intensity 
I(«)=I(0),  (7.1) 

we  obtain  from  (5,3)  with  the  sine  con¬ 
dition  (6,3) 

E(O)  t/  l  —  in-  sin3  </ 

Depending  upon  the  light  source  mag¬ 
nification  m  that  is  employed,  the  re¬ 
lative  screen  illuminance  E(a')  /E(0) 
may  decrease  with  increasing  projection 
angle  (for  m  <  I),  or  go  through  a 
minimum  (for  I  <  m  <  2)  or  even 
monotonously  increase  (for  m  >  2)*  Ex¬ 
amples  are  plotted  in  Figure  4, 


f,  i 


FIGURE  5.  Concentration  of  light  from  infinitesimal  source  of  spheri¬ 
cal  shape.  (Textual  reference  in  Section  7  on  following  page). 
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Once  the  light  source  is  a  three  di¬ 
mensional  element,  however,  there  is 
actually  no  longer  any  justification  for 
an  aplanatic  condenser.  To  achieve  the 
highest  possible  concentration  of  light 
from  a  spherical  source,  for  example,  all 
rays  should  again  be  directed  through  a 
space  element  of  spherical  shape,  which 
docs  not  have  to  be  (and  cannot  even 
be)  a  true  point-to-point  image  of  the 
light  source.  Referring  to  Figure  5,  we 
have  in  this  case  the  geometric  relations 
r  =  y  cos  a 

and 

—  yf  cos  a' 

where  the  ratio  y'/y  equals  the  zonal 
magnification  m(at  of)  of  equation  (6,2,) 
To  make  not  y'/y  constant  (which  would 
require  an  aplanatic  lens) ,  but 
r'/r  =  m  =  constant, 
we  have  to  design  die  condenser  so  that 
it  satisfies  the  condition 

tan  a  /tan  a'  —  m  (7.3 ) 

in  lieu  of  the  sine  condition.  With  this 
condition  and  (7,1),  we  have  from  (5,3) 

!^={l  +  m*tan=«'K3  (7,4) 


Examples  are  ploted  in  Figure  5. 

With  compact  light  sources,  however, 
the  imaging  properties  of  an  otherwise 
stigmatic  condenser  are  not  really  crit¬ 
ical  because  the  available  objective  ap¬ 
erture  will  usually  allow  for  some  lack 
of  light  concentration.  The  image  of  a 
2000  watt  Xenon  arc  illuminating  a  35 
mm  slide,  for  example,  docs  not  occupy 
more  than  about  f/5  of  the  objective 
aperture.  Thus,  we  need  not  be  too 
much  concerned  about  the  light  source 
image  and  can,  instead,  design  the  con¬ 
denser  so  that  we  gain  control  of  the 
light  distribution  on  the  screen. 

8.  Control  of  illuminance  distribution 

If  we  make  no  a-priori  assumptions  on 
the  imaging  properties  of  the  condenser 
(other  than  that  it  shall  be  stigma  tic), 
wc  can  interpret  (5,3)  as  the  condition 
for  obtaining  some  arbitrary  illuminance 
distribution  E(a')  from  a  lamp  with  a 
given  intensity  distribution  1(a), 
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FIGURE  7,  Rays  through  condenser  designed  to  give  uniform  screen 
Illuminance  with  isotropic  source,  fSee  Section  9  on  facing  pageh 


Integrated,  (5,3)  gives  the  relationship 


(8-D 


/  — : — -  sin  a  da  = 

oj  1(0) 

«T  E(a')  sinV  ^ 
oj  E(0)  cos3  of 

which  the  condenser  must  satisfy.  We 
note  that  the  constant  m0>  which  is  the 
paraxial  light  source  magnification,  is 
determined  by  the  angles  of  greatest 
obliquity,  namely  the  half-apertures  amaJ£ 
of  the  available  light  cone  and  a'OJA3t  of 
tlie  projecting  beam. 

Depending  upon  the  form  the  condi¬ 


tion  (8,1)  assumes  under  particular  coa 
ditions,  it  may  or  may  not  be  possible 
to  arrive  at  a  lens  design  that  satisfied 
it. 


9.  Uniformity  condition  for 
isotropic  source 

If  we  wish  to  achieve  uniform  seitf 
illuminance 
E(*')  =  E(0)  (9,11 

with  an  isotropic  source,  of  intensity 

1(a)  =  1(0)  (9.2! 

the  general  condition  (8.1)  reduces 
the  ‘"uniformity  condition" 

2  sm(a/2)  —  tan  a*  ( 9,3)* 
where 


FIGURE 
from 
signed 

applies  to 
we  find 


As  the  cur vi 


_  2  sin  («ma</2) 

°  —  tan  a'm„ 

is  the  paraxial  magnification. 

The  uniformity  condition  (9.3)  can  be 
visualized  bv  the  shape  of  the  surface 
on  which  rays  originating  at  the  center 
of  the  light  source  intersect  with  their 
conjugates.  Figure  7  shows  this  locus  of 
intersection  for  a  typical  case  of  wide- 
angle  projection  with  aroM  =  60°  and 

oW  =  45<\  , 

The  dotted  line  included  m  Figure  7 
is  the  meridian  of  the  spherical  surface 
which,  for  the  same  angles,  describes 
the  sine  condition.  It  has  the  radius  of 
curvature 


sin  ft  max  sin  ft  | 


tnnx 


sin*rtnmx  “  siti’</nmx 


(9.5) 


where  a  is  the  distance  between  the 
light  source  and  its  image. 

Calculating,  for  comparison,  the  cor- 
,  responding  radius  of  curvature  which 


en 
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FIGURE  6.  Relative  screen  illuminance 
from  spherical  source  with  condenser  de- 


(9.1! 
itensitv 
(9.2 
reduces  > 

'  (9.3 


signed  for  maximum  light  concentration. 

applies  to  the  uniformity  condition  (9.3), 
'vc  find  with  (9.4) 

O  =_4a  — tan  «'„mx  /g  g) 

U  3  2  sin  (ama/2)  . 

As  the  curvatures  1/QA  and  1/Qu  reflect 
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FIGURE  8.  Rays  through  collimator  de> 
signed  to  generate  beam  of  uniform  il¬ 
luminance  flux  density  from  isotropic 
source. 

the  so-called  “bending”  of  the  entire  lens, 
we  see  that,  in  the  example  illustrated 
in  Figure  7,  the  condenser  designed  to 
satisfy  the  uniformity  condition  must  be 
more  strongly  bent  than  an  aplanatic  lens. 

The  ideal  stigmatic  condenser  for  uni¬ 
form  screen  illuminance,  built  as  a  sin¬ 
gle  lens,  requires  two  aspheric  surfaces 
but,  in  practice,  excellent  approximations 
can  be  achieved  by  making  only  the  sur¬ 
face  facing  toward  the  objective  aspheri- 
cal. 

10.  Uniformity  condition  for 
collimated  isotropic  source 

The  problem  of  uniformity  is  not  lim¬ 
ited  to  wide-angle  projection.  Even  at 
long  throw  distances,  where  the  projec¬ 
tion  angle  may  become  comparatively 
narrow,  the  utilized  light  cone  will  al¬ 
ways  have  a  wide  aperture  to  assure  ef¬ 
ficient  light  utilization.  Therefore,  ap¬ 
plications  with  rigid  uniformity  require¬ 
ments  will  still  need  attention  to  the 
problem  of  light  distribution. 

In  the  limit  o'  0,  where  the  conden¬ 
ser  becomes  actually  a  collimator,  we 
have 

lim  a  tan  o'  =  c  (10-1) 

a'  0 

where  c  is  the  distance  of  a  given  col¬ 
limated  ray  from  the  optical  axis.  As 


the  result,  the  uniformity  condition  (9.3) 
reduces  with  m0  from  (9.4)  to 


sin  («/2)  _ 

sin  (ornm/2)  —  C 


(10.2) 


where  C  is  the  radius  of  the  collimator 
aperture. 

Figure  8  shows  rays  through  a  colli¬ 
mator  designed  to  satisfy  the  uniformity 
condition  (10.2).  The  dotted  circle  is  the 
locus  of  intersection  for  an  aplanatic 
collimator  of  the  same  angular  aperture. 
As  a  comparison  with  Figure  6  shows, 
the  curvature  relationship  is  now  re¬ 
versed:  the  collimator  designed  for  uni¬ 
form  flux  density  requires  less  bending 
than  the  aplanatic  condenser. 
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In  command  centers  we  find  for  the 
first  time  the  need  to  read  cathode-ray 
displays,  projection  displays,  and  hard 
copy  under  tire  same  level  of  illumina¬ 
tion*  Neither  the  illumination  of  thea¬ 
tres  nor  that  of  offices  is  suitable*  the 
one  being  too  low  for  reading  papers 
and  the  other  too  high  for  reading  dis* 
plays* 

This  paper  shows  a  method  for  com¬ 
puting  the  illumination  at  which  both  dis¬ 
plays  and  hard  copy  can  be  read  with 
equal  ease,  or  conversely  for  showing 
the  advantage  given  one  data  source  over 
the  other  by  the  use  of  a  different  level 
of  illumination*  Properties  of  displays 
and  hard  copy  needed  in  the  computation 
are  given,  and  a  sample  computation 
is  presented.  It  is  shown  that  the  com¬ 
puted  value  of  illumination  is  both  satis¬ 
factory  arid  compatible  with  the  recom¬ 
mendations  of  the  Illuminating  Engineer¬ 
ing  Society.  Means  for  avoiding  eye  strain 
and  fatigue  (applicable  to  any  level  of 
illumination)  are  restated* 

If  a  command  or  management  center 
is  to  be  successful,  the  human  decision 
maker  must  receive  all  the  assistance 
from  his  data  sources  that  the  state  of 
the  art  permits*  To  this  end  the  display 
equipment*  the  hard  copy,  and  the  illu¬ 
mination  must  all  be  matched  to  the 
needs  of  the  user.  There  is  much  infor¬ 
mation  on  the  size,  shape,  etc*  of  the 
symbols  that  should  be  presented,  a 
great  deal  of  information  on  the  tech¬ 
niques  for  producing  and  presenting  the 
symbols,  but  very  little  on  the  environ¬ 
ment  in  which  the  displays  should  oper¬ 
ate*  This  paper  is  an  attempt  to  fill  a 
major  part  of  this  gap— the  illumination 
of  the  operating  area* 

One  may  ask  why  this  should  be  a 
serious  question,  since  die  subject  of 
illumination  has  received  so  much  at¬ 
tention  in  the  last  fifty  years*  The  rea¬ 
son  is  that  in  command  centers  one  finds 
for  the  first  time  that  self  luminous  dis¬ 
plays—  cathode  ray  tubes,  electrolumines¬ 
cent  panels*  projection  screens,  etc.  — * 
are  combined  with  reflective  displays  — 
messages,  maps,  operating  plans,  budg¬ 
ets,  schedules,  etc.  —  with  the  require¬ 
ment  that  they  be  used  in  close  sequence. 
It  follows  that  the  illumination  must  be 
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The  Visual  System 


at  one  time  suitable  for  the  electronic 
displays  and  for  the  hard  copy. 

There  is  an  extensive  literature  on  the 
illumination  of  rooms  for  self-luminous 
displays,  beginning  with  the  data  gath¬ 
ered  bv  the  then  Society  of  Motion  Pic¬ 
ture  Engineers  on  the  lighting  of  movie 
theaters.  This  art  was  adapted  during 
the  war  for  radar  display  rooms  and  other 
weapons  control  centers,  and  extended 
by  use  of  narrow-band  light  to  take  ad¬ 
vantage  of  a  color  difference*  The  philos¬ 
ophy  of  minimum  illumination  is  still 
seen  in  rooms  where  edge-lit,  grease-pen¬ 
cil  plots  are  kept*  With  the  advent  of 
brighter  displays  there  came  a  demand 
that  we  “come  up  out  of  the  eaves**  Into 
an  office  atmosphere. 


IES  Recommendations 


The  recommendations  of  the  IES  {Il¬ 
luminating  Engineering  Society)  “reflect 
a  consideration  of  many  variables  such 
as  visual  data,  .  *  *  economic  factors, 
convenience,  and  availability/'  On  ex¬ 
amination  it  is  found  that  their  visual 
data  are  based  on  reflective  materials  — 
the  reading  of  papers,  the  performance 
of  shop  tasks,  etc*  It  has  long  been 
known  that  when  such  tasks  are  difficult 
because  of  poor  form,  extra  fine  lines, 
low  contrast,  etc*  a  higher  level  of  il¬ 
lumination  is  helpful*  It  has  been  a 
long  time  since  electric  illumination,  has 
been  expensive,  and  it  is  certainly  con¬ 
venient  and  available.  One  must  con¬ 
clude  that  there  is  no  factor  in  the  lES’s 
considerations  which  exerts  a  strong  in¬ 
fluence  toward  lower  illumination,  and 
since  they  have  no  control  over  the  qual¬ 
ity  of  material  in  view,  it  is  quite  proper 
that  their  recommendations  be  generous* 
Obviously,  in  a  command  center  a 
compromise  between  these  extremes  is 
required,  and  the  compromise  must  he 
pleasing  to  persons  of  high  rank*  With 
due  attention  to  die  opposite  effect  of 
illumination  on  reflective  and  self  lumin¬ 
ous  displays,  a  best  illumination  can  be 
achieved,  anti  at  the  present  state  of  the 
art  it  will  be  a  very  satisfactory  illumina¬ 
tion  if  the  conch  Hons  are  met  with  rea¬ 
sonable  care. 


The  Data 

It  has  long  been  known  that  the  ease 


of  seeing  is  related  to  the  illumination 
the  size  of  the  detail  that  must  be  sc^-,  ^ 

and  to  the  contrast  of  that  detail  to  t]3  J5  jt^y 
background;  and  various  pairs  of  thejj  Q 

variables  have  been  studied  parametrical  "°int  tlf 
ly  until  the  relations  are  well  knnwj  [erflpriaJ 
During  an  eight  year  research  (as  j  *  s 
1959)  Dr.  H,  Richard  Blackwell  has  ^  paramei 
lated  these  four  variables  using  the  sar* 


variable^ 
ess  it  wfl 
aHon  as  j 
vious  viol 
relational 

Tliis  ■ 


group  of  observers, 

In  these  experiments  the  subjects  face 
a  hollow  box  which  covered  a  wide  fid 
of  view  and  which  was  illuminated  cvei 
]y  with  white  light.  Near  a  referent 
mark  on  the  back  wall  there  was  I  .stages  oj 
translucent  spot  of  white  plastic  whimS  being 
appeared  the  same  brightness  as  filing  ref< 
rest  of  the  wall  under  the  front  ilium  ini  plete  dal 
tion,  but  which  could  be  back  illunrfof  how 
nated  to  a  higher  level,  and  the  ecjunrefereni 
ment  was  so  built  that  both  brightness#  from  tin 
the  size  of  the  spot,  and  the  duratuflfour  va: 
of  its  back  illumination  could  be  van!  of  the 
over  wide  ranges.  Bthal  the 

The  observers  were  thoroughly  trains 11  ^ 
in  practice  runs  not  included  in  tb  To  ex) 
data,  to  eliminate  variation  ascribable  I  and  reqi 
learning,  They  sat  before  the  box  ft  Klackwe] 
a  sufficient  time  for  their  eyes  to  lie  tors  by  i 
come  adapted  to  the  light  level  to  h  pm  trust* 
used;  they  were  then  told  the  limits  «*hffereiia 
a  time  interval  in  which  the  spot  rnigH  Foryed 
or  might  not,  have  been  back  illuminate)  facing  a 
and  were  asked  to  decide  whether  or  nJ 
they  had  seen  it*  ffx^*  ^°r 

Since  the  same  color  light  was 
for  the  background  and  the  spot,  tT 

contrast  could  be  computed  using  4 
simple  relation: 
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where 


and 


C  is  the  contrast  I  The 

Bh  is  the  higher  of  the  ttf  Concept 
brightnesses  BJverall  ] 

BL  is  the  lower  of  Hie  t^PJOcessi  c 

.  .  IfVmi  jc 


bri  ghtn  ess  es  1 1  >T  11  ®  I 

This  expression  for  contrast  has  a  valfl  ^V1*]0 
- be 


For 
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first  corrected  for  the  known  percentage 
of  luckv  guesses,  then  were  fit  to  the 
normal  ogive  so  that  the  50*  point  (the 
uoM  of  maximum  slope)  could  be  de- 
lermined  with  accuracy.  The  curves  were 
irch  {as  {heu  smoothed  by  the  use  of  the  known 
"  1  l  imametrie  relations  between  pairs  of 
I  variables.  At  the  completion  of  this  proc¬ 
ess  it  was  found  that  an  introduced  vari¬ 
ation  as  small  as  2%  would  require  an  ob¬ 
vious  violation  of  one  of  the  parametric 
relations. 

This  work  has  been  reported  in  various 
iere  was  (  stages  of  progress,  references  1,  2,  and 
iastic  whiff}  being  the  more  important  and  carry- 
less  as  tk  ing  references  to  the  others.  The  corn¬ 
et  illumiiffplete  data,  without  some  of  the  details 
back  ill  mis  fcf  how  they  were  gotten,  are  given  in 
1  the  eqniflreference  3.  Because  all  the  data  came 
brightness® ^om  the  same  basic  source,  because  all 
the  duvattofour  variables  are  covered,  and  because 
Id  be  variffrf  the  care  used  in  smoothing,  it  is  felt 
that  the  results  constitute  an  unusually 
rghly  train!  Feful  statement  of  fact, 
ided  in  tl  To  extend  these  data  to  the  conditions 
ascribable  \  *ud  requirements  of  practical  seeing,  Dr. 
the  box  fi  Blackwell  uses  the  concept  of  field  fac- 
eyes  to  bt  tors  by  which  to  multiply  the  required 
level  to  f 

the  limits 


\  contrast,  A  factor  to  compensate  for  the 
llo  *  difference  between  skilled  observers  using 
spot  mi$$£0rce^  choice  and  the  ordinary  reader 
illuminating  a  new  problem  was  cletcnnined 
lether  or  ntcxPen  men  tally,  Factors  for  off-axis  view* 
iogs  for  the  lack  of  warning,  and  for  the 

it  was  dtPTW  Presentation  were  deter- 
ie  spot,  experimentally.  The  latter  three 

A  iminc  3*  t  re  Peeked  with  reasonable  accuracy 
©V  use  of  a  task  evaluator,  an  instni- 
qent  whereby  a  task  and  a  test  spot 
nfar  ,  ^0t'1  v*ewec*  wilder  conditions 
coji^olled  contrast  and  that  contrast 
Ip  uced  to  minimum  visibility. 

.  ^le  development  of  the  field  factor 
*s  described  in  reference  3.  The 
1  factor,  as  determined  by  the 

of  the  If  ^  described  above,  is  in  the  range 
worn  30  t<>  37^  b 

die  basic  data  are  felt  to  be 
Ld  beyond  doubt,  the  value  of  the 
vantage  *%ot*  actors  has  been  questioned,  some 
-U]  Vs  filing  that  the  proposed  values 
ontrast  T*jle  ^  *<K}  low  a  level  of  illumination, 
were  m%||  v  has  arbitrarily  used  an  over- 

data  1  Ue  °f  40  in  making  up  his  human 
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performance  curves;  however,  it  will  be 
shown  later  that  the  value  of  the  field 
factor  has  no  bearing  on  the  selected 
illumination  so  long  as  the  same  value  is 
used  in  the  computations  for  both  hard 
copy  and  self-luminous  displays. 

The  author  lias  applied  a  field  fac¬ 
tor  (40)  to  the  data  of  reference  3  for 
detail  subtending  angles  of  1,  2,  and  4 
minutes  of  arc,  and  for  illuminations 
between  OT  and  100  footcandles  and 
has  interpolated  for.. easier  use.  The  re¬ 
sulting  curves  ate  given  as  Figures  1,  2, 
and  3. 


Fig.  1  Human  performance  when  reading  sym¬ 
bol*  with  a  stroke  width  (alpha)  of  one 
minute  of  arc. 


It  must  be  stressed  that  the  speeds 
shown  in  Figures  1,  2,  and  3  are  not 
reading  speeds,  but  are  die  inverse  of 
the  times  when  the  spot  was  back 
illuminated  In  the  tests.  The  term  "read¬ 
ing  ease"  was  considered  for  a  while,  but 
it  is  hard  to  conceive  of  an  ease  of  100, 
so  the  term  ‘relative  perception  speed" 
was  finally  chosen, 

The  Selection  of  an 
Illumination  Level 

It  is  obvious  that  both  the  self-lumi¬ 


nous  and  the  reflective  displays  must 
be  readable;  lacking  other  indication  it 
will  here  be  assumed  that  they  should 
he  equally  readable.  The  optimum  illu¬ 
mination  level  is,  then,  that  which  gives 
each  the  same  relative  perception  speed. 
This  may  easily  be  found  once  the  data 
are  put  in  the  proper  form, 

The  prepara  turn  of  data  for  reflective 
displays  (hard  copy)  is  simple. 

The  steps  are  these: 

a)  Determine  the  minimum  size  of 
detail  that  must  be  easily  read¬ 
able,  compute  the  angle  this  will 
subtend  at  the  observer's  eyes,  and 
select  the  curve  with  this  value  of 
alpha. 

b)  Determine  the  contrast  of  the  ma¬ 
terial,  and  lay  a  straightedge  across 
the  curve  at  this  value, 

c)  Multiply  selected  values  of  illu¬ 
mination  by  the  reflectivity  of  the 
paper  to  establish  the  background 
brightness. 

d)  For  each  value  of  brightness,  read 
the  relative  perception  speed. 

The  preparation  of  data  for  the  self- 
luminous  type  of  display  is  a  little  more 
complex.  The  steps  are  these: 

a)  Determine  the  minimum  size  of 
detail  that  must  be  easily  read¬ 
able,  compute  the  angle  this  will 
subtend  at  the  observers  eyes,  and 
select  the  curve  for  this  value  of 
alpha. 

b)  Determine  the  excitation  bright¬ 
ness  available  at  the  screen  (that 
supplied  by  either  the  electron 
beam  or  the  projector)  and  apply 
factors  for  the  gain  and  loss  of  the 
screen  to  achieve  the  visible  bright¬ 
ness  of  the  symbols. 

c)  Apply  factors  for  the  reflectivity  of 
the  screen,  attenuation  of  its  sup¬ 
port,  the  effectiveness  of  hoods, 
etc,,  to  selected  values  of  ambient 
illumination  to  determine  the  back¬ 
ground  brightness, 

d)  Compute  the  contrast  from  item 
b)  and  c)  above.  (These  computa¬ 
tions  are  discussed  at  greater  length 
under  Properties  of  Displays  and 
Hard  Copy. ) 

e)  For  each  value  of  illumination,  lay 
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a  straightedge  across  the  curve  at 
the  resultant  contrast,  and  at  the 
corresponding  value  of  background 
brightness,  read  the  relative  per¬ 
ception  speed* 

To  determine  the  optimum  value  of 
illumination,  plot  relative  perception 
speed  vs*  illumination  for  both  types  of 
displays*  It  is  obvious  that  one  will  have 
a  positive  slope  and  one  a  negative;  the 
point  where  they  cross  is,  then,  the  il¬ 
lumination  at  which  the  two  types  can 
be  read  with  equal  ease. 

Properties  of  Displays 
and  Hard  Copy 

Before  the  design  of  a  command  cen¬ 
ter  can  be  started,  it  is  necessary  to 
have  at  least  an  idea  of  the  properties 
of  the  display  materials  that  will  be 
used  therein.  This  section  will  discuss 
the  properties  of  a  representative  sam¬ 
ple  of  materials,  and  will  discuss  some 
of  the  steps  that  may  be  taken  to  assure 
good  legibility* 

Hard  Copy— Hard  Copy  will  long  con¬ 
tinue  to  cany  a  large  and  important  por¬ 
tion  of  the  information  needed  in  a 
command  center.  Yet  the  information  that 
is  available  on  the  properties  of  hard  copy 
is  very  limited.  The  size  of  type,  for 
instance,  is  the  size  of  the  block  on  which 
the  face  is  cut,  not  the  size  of  the  face 
itself,  and  there  are  only  very  general 
statements  on  the  reflectivity  of  papers 
and  inks,  For  that  reason  a  series  of 
measurements  was  made* 

In  these  measurements  the  symbol 
height  was  taken  as  the  prep ende rant 
height— if  the  word  was  in  lower  case, 
then  the  height  of  a  lower  case  a,  e,  o, 
n  or  similar  letter  was  measured.  Some 
letters  have  a  variable  stroke  width. 
However,  experience  has  shown  that  the 
intelligence  is  curried  in  the  heavier  por¬ 
tions  of  the  symbol;  it  is  in  fact  possible 
to  read  material  in  which  a  faulty  re¬ 
production  process  has  eliminated,  the 
thin  strokes  completely,  So  when  a  vari¬ 
able  stroke  width  was  encountered,  the 
heavier  portion  of  the  stroke  was  meas¬ 
ured.  These  data  were  taken  with  a 
measuring  microscope. 

The  determination  of  reflectivity  pre¬ 
sented  a  problem  because  of  the  small 
area  avai  1  abl e  in  the  symbol  an d  the 
known  tendency  of  the  human  eye  to 
be  influenced  by  the  surroundings.  A 
series  of  paper  chips  varying  from  white 
to  black  were  gotten  by  selecting  from 
paper  stocks  where  that  was  possible, 
and  by  dyeing  to  fill  the  gaps.  These 
chips  were  placed  in  a  diffuse  white  il¬ 
lumination  measured  with  a  Weston  Il¬ 
ium  i  no  meter,  their  brightness  was  meas¬ 
ured  with  a  Spectra  Spot  Brightness 
Meter,  and  their  reflectivity  was  com¬ 
puted.  These  chips  could  then  he  com¬ 
pared  directly  to  the  paper  of  a  display. 
The  rcflec tivity  of  s  vm  I  >ol  s  was  de  ter- 
mined  by  placing  a  chip  partially  across 
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TABLE  1 

PROPERTIES  OF  HARD  COPY 


HEIGHT 


MATERIAL 


STROKE 

Angle 

@  14" 


Mils  Mils  Mins  Color 


Reflect.  Contrast 


160 

40 


52 


24 

9 

38 

7 

5 

5 

7 


5.5 

5.2 

9.5 
1,7 
1*2 

1.2 

1*7 


while 

black 


Maps 

Army  Map  Service,  NK  18-11 
Paper 

Names— large 
small 
Highways 
Railroads 
Creeks 
Contours 
Elevations 
Sectional  Air  Chart,  Winston  Salem 

Paper  Color  wash  to  indicate  ground  altitude,  Est*  Avg. 


,65 

.07 


8.3 


rd&blk 

black 

blue 

tan 


high 


5,5 

fair 


50 


Names— Jorge 

110 

20 

5  black 

*1  4 

small 

44 

7 

1.7 

Smallest  print 

40 

8 

2 

Highways 

25 

5,5  gray 

.3  Est.  .6 

Scale  tics 
Contours 

Nautical  Chart,  H.O. 
Paper 


9  2 


tan 


fair 


1290 


Names— large 

144 

14 

3,5 

small 

40 

10 

2*5 

Smallest  print 

24 

5 

1.2 

Depth  contours 

5 

1.2 

Soundings 

60 

9 

1.2 

white 

black 


,65 

.09 


6.2 


Geological  Survey,  Redmond,  Washington 
Paper 


white 


.7 


Names— large 

120 

15 

3.7 

black  .  1 

6 

small 

60 

10 

2*5 

Smallest  print 

45 

7 

1*7 

Highways 

dual 

25 

5.5 

red&blk 

high 

Roads 

6 

1.5 

Creeks 

8 

2 

blue 

good 

Contours 

5 

1.2 

tan 

fair 

Office  Material 

Good  pulp  paper 
Average  pulp  paper 
Yellow  copy  paper 
Typewriter  samples 
Paper 

Make  A  Electric 
Make  6  Elite 
Make  B  Pica 
Make  B  Pica— old  ribbon 
Teletype  printer 
Paper 

With  new  ribbon 
With  old  ribbon,  top 
With  old  ribbon,  bottom 
Computer  Printer  output 
Make  C 
Make  D 
Make  E 


.7 

.65 

.5 


*7 


As  a  basis  for  comparison— 

New  York  Times 
Paper 
Text 

Office  Copiers 

Make  F  {translucent  material) 
Paper— on  dark  desk 
Print 

Paper— on  white  paper 
Print 

Make  G  {opaque  material) 

Paper 

Print 

Pencil 

Pulp  paper 

Mechanical  pencil,  .032"  lead,  HB 
2H  newly  sharpened 
2H  fairly  dull 
B  newly  sharpened 
B  dull 


no 

15 

3.7 

black 

.1 

6 

no 

10 

2.5 

black 

.12 

4.8 

1 14 

10 

2*5 

black 

.1 

6 

114 

7 

1*7 

gray 

,15 

3.7 

gray 

.6 

105 

20 

5 

black 

.T 

5 

12 

2*7 

black 

.12 

4 

Indef. 

*2 

2 

95 

9 

2,2 

black 

*08 

7*9 

100 

10 

2,5 

black 

J 

6 

too 

17 

4,2 

black 

.08 

7.1 

,46 

55 

10 

2,5 

black 

*1 

3.6 

.45 

*12 

2.8 

*65 

.12 

4.4 

*65 

JO 

5.5 

*65 

20 

5 

black 

*2 

3.3 

10 

2,5 

black 

.25 

2.3 

15 

3.7 

12 

2.7 

black 

.12 

4,5 

40 

JO 
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Green  overprint  for  wooded  areas 


to 


at 


pr 

uhi 


INFORMATION  DISPLAY,  SFPUGCT, 


given 
invited 
macliia 
and 

that  th 
rinlly, 
die  she 
tor,  b>| 
and  uu 
bons. 
ibility 
tent  a  i 

the  md 
Self- 1 
displays 
lion  sci 
,  ilium ina 
1  have 
1  good 
the  ligb 
lion,  c 
or  a 
rav  i 
Rath* 
pro  rind 
that  I  hi 
foot  lau 
and  oflj 
in  the 
pliospht 
phor  Is 
sive. 
m  good 
device. 
The 
nf  a  gri 
tube, 
the  btj 
transmit 

But  t)i| 
through 
is  mere; 
factor, 
ItCA  l;4 
fn  two 
near  0 
The 
boot!  to 
ambient 
screen, 
can  ea| 
restrict^ 
The 

Encreasfl 
the  tigb 
oin  be 
signed 
light  SO 

from  thi 
h  is  full 
!y  Jimite 
get  hjkJi 

in  FORM  ATI 


Tl 


..  f  ivne  and  examining  the  type 
3  iTfL  edge  of  the  chip  through  a  low 
“S er  microscope,  the  microscope  magni- 
i-  •  .Vtlic  ivpe  to  ‘he  P°'»t  where  a  good 
l  Sim  coukl  be  made.  Some  mate- 
C?fc1  noucfl  as  an  example,  had  to  be 
mcasurecl  under  diffuse  light  to  prevent 

^rw'dila fathered  in  these  tests  are 
Biven  in  Table  1.  Special  attention  is 
Svi led  to  the  data  on  office  copying 
achim-s,  pencil  copy  and  typewriter 
’  ,1  teletype  output.  It  will  be  noted 
'  t  tl,e  contrast  can  be  raised  mate- 
riiillv,  and  in  some  cases  the  width  of 
lie  stroke  increased  by  a  significant  fae- 
L,  \w  (be  proper  selection  of  equipment 
Ind  materials  and  the  use  of  fresh  rib- 
honS  One  must  conclude  that  the  leg¬ 
ibility  of  the  hard  copy  is  to  that  cx- 
f  tent  :i  function  of  the  interest  shown  by 
the  members  of  the  staff, 

Self-Luminous  D ispktysS cl f - 1  u m i n mis 
I  displays— cathode  ray  tubes  and  pro  jee- 
1  tion  screens— must  combat  the  ambient 
'  illumtmition,  so  much  of  this  section  will 
Jiave  to  du  with  means  for  maintaining 
■good  contrast.  The  light  in  the  symbol, 
"the  light  that  carries  the  useful  informa¬ 
tion,  comes  from  either  an  electron  beam 
or  a  projector;  we  will  consider  cathode 
rav  tubes  first* 

Rather  than  get  into  a  discussion  of 
products,  the  author  will  here  assume 
that  the  tube  has  a  brightness  of  50 
footdamberts  available  at  the  phosphor, 
and  offers  assurance  that  this  level  is  with¬ 
in  the  state  of  the  art  using  crystalline 
phosphors.  The  reflectivity  of  the  phos¬ 
phor  is  assumed  to  be  85%,  highly  diffu¬ 
sive*  The  problem,  then,  is  to  achieve 
as  good  contrast  as  is  possible  with  this 
[device. 

The  first  step  to  consider  is  the  use 
of  a  gray  glass  for  the  face  plate  of  the 
tuljc*  It  h  true  that  such  glass  reduces 
the  brightness  of  the  symbols  by  the 

(transmission  (filter  factor)  of  the  glass* 
Ihit  the-  ambient  illumination  must  pass 
through  the  glass  twice,  so  the  contrast 
is  increased  by  the  inverse  of  the  filter 
factor.  This  can  he  a  significant  amount; 
RCA  lists  face  plates  with  filter  factors 
in  two  groups,  one  near  0.75  ami  one 
tear  0  A. 

The  next  step  is  the  use  of  a  cap-bill 
101 1*1  beep  as  much  as  possible  of  the 
£uibient  illumination  from  falling  on  the 
icreeii.  Properly  designed,  such  a  hood 
an  easily  have  a  factor  of  0.5  without 
es  neUng  the  viewing  angle. 

1  he  effectiveness  of  u  hood  may  be 
I  ^  ^ie  angles  at  which 

-JK  ^  approaches  the  equipment,  as 
i'iJw !C  hY  hanging  properly  de- 

y  U  honeycomb  gratings  below  the 
■rorn  ^mrces;  The  light  can  still  come 
t  i«  r  n  *!l!ljor  Portion  of  die  ceiling*  so 
V  limn -V  *^use  (or  indirect);  it  is  mere- 
get  i11Y  i  f?  l*10se  angles  which  will  not 
,<  u  tlic  hood*  It  is  believed  that 
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die  liood  factor  can  be  changed  from 
0.5  to  0,25  by  this  means* 

After  these  steps,  the  direct  ambient 
light  will  be  reduced  to  the  point  where 
the  light  reflected  from  the  equipment, 
from  white  shirts,  etc*,  becomes  im¬ 
portant.  Such  secondary  sources  can  be 
objectionable  when  they  are  specularly 
reflected  from  the  tube  face  and  appear 
as  unwanted  images  superposed  on  the 
data.  Glossy  finishes  should  not  be  used 
on  equipment,  furniture,  etc.;  a  medium 
gray  mat  surface  is  much  less  objection¬ 
able.  Such  light  as  remains  can  be  ren¬ 
dered  innocuous  by  etching  the  tube  face 
to  a  fine  mat  surface.  This  is  not  truly 
a  non -reflecting  coating— it  merely  spreads 
the  reflection  over  such  x\  large  area 
that  the  brightness  is  reduced  and  the 
shape  of  the  source  obscured.  It  is, 
however,  a  very  effective  step* 

Circular  polarizer  use 

A  circular  polarizer  can  be  used  for 
the  functions  of  the  filter  glass  and  the 
mat  first  surface,  either  for  better  per¬ 
formance  or  when  the  desired  proper¬ 
ties  cannot  be  had  in  the  available  tube. 
It  is  not  a  complete  cure,  for  it  itself 
has  bright  specular  reflection  from  its 
front  surface*  However,  it  may  be  used 
as  a  plane  surface,  and  the  range  of  in¬ 
cident  angles  that  gives  objectionable 
reflections  from  a  plane  surface  is  much 
less  than  the  range  that  gives  reflections 
from  a  spherical  surface* 

Projection  displays  can  also  take  ad¬ 
vantage  of  absorption  in  the  screen  sup¬ 
port,  of  a  hood,  of  directive  room  light, 
and  (in  some  types)  of  a  mat  front 
surface  on  tile  screen*  In  addition,  they 
can  take  advantage  of  directivity. 
Directive  screens  reflect  (or  transmit) 
more  light  in  a  preferred  direction  than 
in  other  directions*  They  therefore  are 
said  to  have  "gain",  this  being  the  ratio 
of  the  brightness  in  the  preferred  direc¬ 
tion  to  the  brightness  of  a  highly  diffu¬ 
sive  screen  subject  to  the  same  illumina¬ 
tion.  Values  between  2  and  10  are  com¬ 
mon.  If  the  viewers  can  be  located  along 
the  preferred  axis,  the  brightness  of  the 
data  symbols  will  be  increased  while  that 
from  fight  sources  not  near  the  projector 
will  be  decreased,  and  an  increase  in  con¬ 
trast  will  result*  This  effect  reaches  its 
peak  in  rear  projection  screens,  where 
the  steps  which  decrease  the  diffusion 
of  the  projected  light  also  decrease  the 
reflectivity  to  ambient  light,  and  where 
it  is  possible  to  take  advantage  of  a  filter¬ 
ing  support  material* 

However,  a  fundamental  characteris¬ 
tic  of  gain  is  its  sensitivity  to  changes  in 
angle.  Assuming  the  plane  of  the  screen 
is  correct  for  the  location  of  the  pro¬ 
jector  and  the  center  of  the  audience, 
there  wifi  still  be  a  change  in  brightness 
due  to  looking  at  different  portions  of  the 
screen  or  to  the  viewer^  moving  about 
the  room.  If  this  change  is  to  be  held 
within  acceptable  bounds,  then  direc¬ 


tivity  must  be  used  with  care* 

The  quantitative  relations  follow,  all 
based  on  the  fundamental  relations  that: 

c  (1) 

aL 

B  —  I  R  '  (2) 


For  hard  copy: 

Bh  =  Rtf 
Bn  “  J a  Rr 


substituting  in  { 1 ) 


For  both  cathode-ray  tubes  and  pro¬ 
jection  screens  the  brightness  of  the  sym¬ 
bol  is  the  sum  of  that  produced  by  the 
intended  excitation  and  that  of  tlie  back¬ 
ground  as  produced  by  stray  electrons  or 
the  transmission  of  "opaque"  parts  of  the 
film. 

For  cathode -ray  tubes: 

Bji  “  BPb  T  -f-  Bl 
Bl  =  la  Rtfi  T2  -f  Bx  T 
substituting  in  (1) 

r  X 

I*RpbT  +  B* 

For  front  projection: 

BtI=-^G  +  BL 
Bj*  “  Ba  -J-  Bx  G 

Here  is  the  sum  of  the  brightnesses 
due  to  the  individual  room  illuminants, 
each  with  the  value  of  gain  required  by 
its  angles*  This  is  so  complex  that  the 
value  is  usually  determined  by  measure¬ 
ments  on  a  mockup  or  on  the  final  as¬ 
sembly. 

substituting  in  (1) 

r  h£ 

^-A(B.  +  B,G) 

For  rear  projection,  with  the  diffusing 
layer  on  the  projector  side  of  die  screen: 

Ba  =  ~^~CT  +  Bl 

Bl  =  B,  +  BiGT 

Ba  =  I*  Ra  Tz 

A  single  expression  for  Ba  is  made  pos¬ 
sible  here  by  the  small  difference  in 
reflectivity  for  the  angles  of  the  differ¬ 
ent  mom  Illuminants. 

substituting  in  (i) 

r  -  L-G 
“  Afuvr  +  B.C) 

In  the  above: 

A  —  Area  of  the  projection  screen, 
in  square  feet* 

B  =  Brightness,  in  foot-la mberts* 

Bfl  —  Brightness  due  to  the  ambient 
illumination. 

Bh  =  The  higher  of  two  brightnesses. 

Bl  =  The  lower  of  two  brightnesses, 

Bph  =  Brightness  of  a  phosphor  due 

i!9 


B*  = 


C 

G 


to  electron  impact  or  other  ex* 
citation. 

Brightness  due  to  unintentional 
excitation,  as  by  stray  electrons 
or  transmission  through  the 
“opaque”  areas  of  the  film* 
Contrast 

z=  The  gain  of  a  projection  screen 
for  the  incident  and  reflected 
angles  involved.  Note  —  com¬ 
mercial  values  for  G  usually 
include  the  reflectivity,  so  it 
is  not  stated  separately. 

—  An  illumination,  in  footcandles. 
rx  The  ambient  illumination. 

=  The  projected  illumination. 

—  The  light  flux  delivered  to  the 
screen  by  the  projector,  in  Lu¬ 
mens. 

—  The  reflectivity. 

“  The  reflectivity  of  the  paper. 
=  The  reflectivity  of  the  ink. 

=  The  reflectivity  of  the  phos- 
phor. 

—  The  reflectivity  of  the  projec- 
tion  screen. 

—  The  transmission  {filter  factor) 
of  the  screen  support  where 
the  support  is  between  the 
screen  and  the  observer. 

Sample  Computation 

In  order  to  demonstrate  the  process 
and  to  get  a  feeling  for  the  level  of 
illumination  the  process  will  indicate,  a 
sample  calculation  was  carried  through 
using  the  nearest  value  of  alpha  for  which 
there  was  a  curve  available  (Figures  1, 
2,  and  3. ) 

For  hard  copy,  an  Army  Map  Service 
map,  two  typewriters  with  different 
weight  of  type  face,  a  teletype  machine, 
and  a  mechanical  pencil  were  taken  as 


representative  of  the  materials  that  might 
be  found  in  a  military  command  center. 


FIG  2 

PERFORMANCE 
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LOG  BRIGHTNESS  ffT  -  C  * 

2  Human  performance  when  reading  sym¬ 
bols  with  a  stroke-  width  {alpha}  of  two 
minutes  of  arc. 

The  results  of  the  computation  are  given 
in  Table  2  and  plotted  in  Figure  4. 

For  the  display,  a  cathode  ray  tube 
was  chosen  and  assumed  to  have  a  phos¬ 
phor  with  a  brightness  of  50  foot-km- 
berts  and  a  reflectivity  of  0.85.  Filter 
factors  of  0.4  or  0.75  were  used,  alpha 
was  taken  as  2f  or  4\  and  the  hood  fac¬ 
tor  was  taken  as  0.5  or  0.25.  These  con¬ 
ditions  can  also  be  met  in  a  projection 
display  if  the  screen  size  is  properly  bal¬ 
anced  to  the  available  projected  light. 
The  results  of  the  calculation  are  given 


Fig.  3  Human  performance  when  reading  syi* 
bo  Is  with  a  stroke  width  (alpha)  of  fan 
minutes  of  arc. 


F«  4 

EFFECT  of  ILLUMINATION 
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Fig.  4  The  effect  of  illumination  on  Homo 
perception  speed  when  reading  hai 
copy. 


TABLE  2 

READABILITY  OF  HARD  COPY 

Typewriter 

Typewriter 

Pencil 

Item 

AMS  Map 

Moke  A 

Make  B 

Teletype 

HB  .032"  lead 

Paper  Ref  1. 

.65 

7 

3 

.6 

.7 

Contrast 

8.3 

6 

6 

5 

3.3 

Mfn.  Alpha  Mins.  2 

4 

2 

4 

4 

Illumination 

ft- candle 

B 

Speed* 

B 

Speed* 

B 

Speed* 

0 

Speed* 

B  Speed* 

1 

,65 

2.7 

.7 

14.5 

.7 

.6 

10.5 

.7  6.2 

2 

1.3 

5.8 

1.4 

22 

1.4 

3.2 

1.2 

16 

1.4  10 

4 

2.6 

8.3 

2.8 

35 

2.8 

5.5 

2.4 

25 

2.8  14.8 

8 

5.2 

13 

5.6 

45 

5.6 

7.7 

4.8 

35 

5.6  21 

12 

7.8 

16.5 

8.4 

55 

8.4 

9.7 

7.2 

42 

8.4  26 

20 

13 

21 

14 

63 

14 

13 

12 

48 

14  33.3 

40 

26 

28 

28 

75 

28 

17 

24 

62 

28  40 

80 

52 

35 

56 

90  ^ 

56 

23 

48 

73 

56  47 

100 

65 

38 

70 

96 

70 

25 

60 

80 

70  50 
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6,9200/ 

^  -3,990  0 

4,0867 

4,0775 

4,0699 

4,054.3 

10,66110 

ST9  20lf/! 
6.9200 

•3,9900 

"3,9900 

■4  ,7916 
4,7433 

TT3W0 

4,7515 

4,3896 

4,7604 

4 ,3932 

4,7894 

LI  ,24929' 
11,93143 

6  •  9  Z  OT) 
6,9200 

— ^579900  ' 
"3,9900 

8 • 1533 
5,6376 

5 ,1745 
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5,8239 

T2T73209 
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8.60752 
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3.3598 
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IF  RESOLUTION  AND  RECOGNIZABILITY  ARE  IMPORTANT  TO  YOU# 
WE  WOULD  SUGGEST  THAT  YOU  USE  THE  NEW  TD  8484  VIDICON 
IN  YOUR  TELEVISION  CAMERA. 
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FOREST  LANE  • 

Circle  No.  19  on  Reader  Service  Card 


Two  compufevs  are  operated  from  this  Control  Data  Corporation  Console  which  uses  six  DATA'PANFL  Information  Displays, 

m  APPEARANCE— An  entirely  new  look  is  given 
computer  consoles  and  display  panels  by  the  distinctive 
and  dramatic  appearance  of  DATA 'PANEL,  Information 
is  displayed  with  clarity,  brilliance  and  readability  never 
before  available  to  designers.  Indications,  readouts, 
complete  legends  stand  out  emphatically,  in  full  color 
behind  smooth  planes  of  glare-free  black  glass.  As 
modern  in  concept  as  the  systems  it  serves. 

DATA  -  PANEL  is  the  key  to  clean, 
handsome  console  styling. 


SOLVES  FIVE  INFORMATION 


DISPLAY  PROBLEMS 
AT  LOW  COST! 

Designers  of  computer  consoles,  display  panels  and  status  boards 
now  have  a  strikingly  beautiful,  yet  truly  practical  way  to  answer 
problems  of  visual  impact,  operator  accuracy,  appearance  and 
display  versatility.  DATA  -  PANEL  Offers  a  totally  new  approach 
to  custom  designing  and  building  information  displays  at  a  cost 
usually  far  below  that  for  standard  panels  using 
conventional  individual  indicators, 

TEC- LITE  DATA’  PANEL  gives  the  designer  almost  unlimited 
freedom  in  size,  style,  color  and  arrangement  of  messages  and 
indications  within  the  display  area.  Only  when  illuminated  are 
alpha-numeric  messages  and  symbols  visible  in  color  behind 
planes  of  glare-free  black  glass,  DATA' PANEL  eliminates  rows 
of  everpresent  individual  indicators  which  restrict  design  freedom. 

Operator  accuracy  increases  sharply  with  the  use  of  DATA -PANEL 
because  only  the  important  ON  indications  can  be  seen  and 
read.  OFF  indications  are  invisible  until  Illuminated  and  the  operator 
is  not  confused  by  the  presence  of  non-indicating  indicators. 

TEC-LITE  DATA-  PANEL  is  also  electrically  and  mechanically 
versatile  and  is  custom  designed  to  fit  the  particular  characteristics 
of  any  computing  or  control  system,  DATA'  PANEL  is  designed 
and  built  by  Transistor  Electronics  Corporation,  originator  and 
world's  largest  manufacturer  of  transistor  controlled  indicating 
devices.  Send  for  S  page  brochure  with  design  specification 
forms  for  more  information  on  DATA'  PANEL. 


Status  hoards  can  be  made  in  a  variety  of  sizes  using 
__  (he  DA  TA-PANFL  Concept. 

OU  DISPLAY  V  ERSAT I  LI  TY— There  are  no  restrictions,  within 
practical  limits,  to  the  overall  Size  of  DATA -PANEL,  or  to  the 
shape,  color,  size  or  arrangement  of  alpha-numeric  messages* 
indications  or  digital  readouts.  Legends  (which  are  photograph 
ically  reproduced)  may  be  as  long  or  as  large  as  required  and 
unlike  methods  used  with  conventional  indicator  lights,  are 
not  limited  by  size  of  lens  cap  or  cost  of  panel  engraving.  Each 
legend  or  symbol  appears  within  a  DATA' Module,  which  may 
be  of  many  sizes  or  shapes. 


DA  f  A'  PANEL  indications  are  mrO/a  only 
when  illuminated.  Parmanenttv  visible 
legonds  and  grids  are  provi dml  for  operator 
anon  tat  ion.  Courtesy  Control  Data 
Corpora  tlon. 

UD  OPERATOR  ACCURACY- 

DATA*  PANEL  legends  and  indications 
in  the  OFF  condition  are  totally  invisible 
until  illuminated.  Operators,  therefore, 
are  not  distracted  or  confused  by  the 
presence  of  ambiguous,  non-indicating 
indicators,  or.  for  example*  by  red  I e nsed 
indicators  that  merely  turn  redder. 
Permanently  visible  grid  lines 
and  legends  can  be  provided  for  visual 
orientation.  Operators  working  with 
a  visually  clean  panel  suffer  less  fatigue 
and,  consequently,  make  fewer  errors. 


DA  TA'PANEL,  2W  high  x  4%w  wide, 
was  custom  designed  for  Litton  Data 
Systems  Division. 


DATA'PANEL, 
with  540  lamp 
display  is  used 
in  Module 
Test  Device  at 
Litton  Data 
Systems 
Division. 


!?!  CUSTOM  DESIGN- 

Information  display  areas  become 
an  integral,  complementary  element 
of  console  styling  when  DATA- PANEL 
is  used.  Its  extremely  flexible  visual 
and  mechanical  parameters  give 
designers  freedom  never  before 
available  in  display  techniques.  Built 
to  designers1  specifications, 
DATA- PANEL  is  a  complete*  self- 
contained  display  unit  ready  to  mount. 
If  you  prefer,  TEC-LfTE  DATA*  PANEL 
industrial  designers  will  provide 
console  styling  and  display  layout 
based  on  your  requirements. 


CUSTOM  SWITCHES— 

TEC-LITE  DATA  -Switches 
extend  console  design  freedom 
to  important  control  functions, 
too.  They  offer  a  variety  of 
electrical,  mechanical  and 
visual  options.  Buttons  may  be 
produced  in  configurations 
appropriate  to  panel  design. 
Conventional  or  transistor 
controlled  indicators  can  be 
incorporated  with,  but  isolated 
from,  the  switch  to  combine 
indication  and  control  functions 
for  space  conservation  and 
operator  efficiency. 


GOcUTS  DISPLAY  COSTS— Even 
though  built  to  your  design  and  offer¬ 
ing  unequalled  appearance,  DATA* 
PANEL  usually  costs  less  than  conven* 
tional  display  panels  using  individually 
mounted  indicators,  DATA- PANEL 
costs  less  because  it  eliminates  these 
costs;  metal  panel  fabrication  and 
finishing;  hot  stamping  or  engraving 
legends;  mounting  and  wiring  of  many 
individual  indicators.  When  transistor 
controlled  lamps  are  specified,  DATA* 
PANEL  costs  less  because  many  lamp 
control  circuits  are  placed  on  a  single 
printed  circuit  board,  common  connec¬ 
tions  are  used  and  simple  [amp  mount¬ 
ing  devices  employed.  Eliminated  are 
many  expensive  parts  such  as  lenses, 
lamp  sockets,  nuts,  bodies  and  molded 
terminal  assemblies  required  for  each 
individual-type  indicator.  DATA- 
PANEL  production  costs  are  reduced 
by  standard  tooling,  hardware  and 
component  mounting  techniques. 


DATA-PANEL  SOLVES  ELECTRICAL-MECHANICAL  PROBLEMS 

DATA*  PANEL  is  extremely  flexible  both  electrically  and  mechanically. 
Replaceable  incandescent  or  neon  lamps  are  used  and  may  be  selected  to  operate 
from  a  wide  range  of  supply  voltages  or  controlled  by  solid  state  circuitry  which 
is  a  part  of  the  assembly.  High  current  drain  problems  encountered  with 
incandescent  lamps  are  solved  by  transistorized  circuitry  that  switches  lamps  ON 
and  OFF  with  tow  current  level  signals  usually  found  in  solid  state  systems. 
High  voltage  problems  inherent  in  neon  lamps  are  confined  to  DATA -PANEL  by 
use  of  self  contained  circuitry  that  operates  from  low  level  logic  signals.  Neon 
display  tube,  segmented,  projection  and  other  alpha* numeric  readout  devices  can 
be  mounted  behind  the  glass  panel  as  an  integral  part  of  the  assembly. 
Mechanically,  DATA*  PANEL  and  its  DATA- Modules  may  be  of  any  practical  size. 
The  self  contained  display  panel  can  be  mounted  ffush  with  adjacent  surfaces  or 
recessed  below  and  at  angles  to  surrounding  surfaces.  Rack  mounting  is  also  available. 


DATA*  PANEL  and  switches  are  combined  m  l/us  display  control 
assembly  built  for  Control  Data  Corporation. 


Non-glare  glass  face 


DATA- Film 
bearing  legends 


%  Transistorized  lamp  control  circuit  board 

Transistor  Electronics  Corporation 
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5 -BEAM  CRT  PROVIDES  REAL-TIME  DISPLAY 
WITH  SIMULTANEOUS  PHOTOGRAPHY  OF  DATA 


Five  separate  and  distinct  displays  on 
one  tube  face-plate  together  with  a  rear¬ 
view  optical  window  for  photographic 
recording  or  map  projection  are  two  of  the 
features  that  make  the  Du  Mont  type  KC 
2296  of  more  than  usual  interest  to  design 
and  project  engineers.  Successfully  meet¬ 
ing  a  number  of  unusual  operating  param¬ 
eters,  the  KC  2296  is  utilized  in  a  military 
aircraft  navigational  application,  but 
numerous  other  uses  are  possible  for  this 
type  and  other  cathode-ray  tubes  which 
may  be  designed  around  the  multi-gun, 
rear-view  window  concept. 

Time,  distance,  angular  displacement, 
pressure,  acceleration,  telemetry. ..  in  fact 
any  kind  of  data  that  can  be  translated  into 
voltage  format  can  be  displayed  and  photo¬ 
graphed  at  the  same  time.  With  PPI  radar, 
five  sets  of  data  can  be  superimposed  on 
maps  projected  on  the  face  of  the  tube 
through  the  optical  window.  The  data  (e.g., 
positions  of  aircraft  or  other  targets)  are 
then  viewed  in  real-time  relationships  to  the 
map.  Any  standard  or  special  phosphor,  or 
any  graticule  configuration,  can  be  supplied. 


Actual  phosphor  used  in  the  KC  2296  is  a 
double  layer  phosphor  with  a  high  efficiency 
visual  component  and  high  energy  blue 
component  for  maximum  results  with  blue 
sensitive  film. 

With  KC  2296,  information  is  displayed 
on  the  internal  graticule,  on  the  inside  of  the 
tube  face-plate,  making  both  front  and  rear 
views  free  of  parallax.  A  special  phosphor 
deposition  technique  allows  the  graticule 
lines  to  be  essentially  free  of  phosphor  and 
sharply  visible  from  both  front  and  rear. 
The  five  electron  guns  are  independently 
controllable,  and  each  beam  is  positioned 
to  scan  a  separate  screen  area,  except  for 
two  beams  which  coincide.  The  tube  can 
as  readily  be  designed  so  that  each  gun 
sweeps  the  entire  display  area,  or  any 
selected  segment.  Each  electron  gun  is 
electrostatically  focused  and  deflected. 

The  rear-view  optical  port  includes  such 
design  innovations  as  freedom  from  distor¬ 
tion,  and  the  internal  graticule  may  be 
illuminated  by  a  special  side-lighting  tech¬ 
nique  for  sharp,  clear  photographic  prints. 

RECENT  DU  MONT  ADDITIONS  TO 
CATHODE-RAY  TUBE  TECHNOLOGY 

New  application  requirements  in  instru¬ 
mentation,  radar,  character  display,  and 
other  display  and  readout  use  have  seen 
significant  advances  by  Fairchild's  DuMont 
Laboratories  in  essential  types  and  charac¬ 
teristics.  Following  are  several  areas  which 
may  be  of  specific  interest  to  systems  man¬ 
agers  and  project  engineers  concerned 
with  display  and  readout  problems. 

Higher  Resolution 

Newest  designs  produce  tubes  with  reso¬ 
lutions  of  1 ,000  lines  per  inch  in  electrostatic 
types  with  electrostatic  deflection.  Resolu¬ 
tion  of  2,000  lines  per  inch  is  achieved  in 
magnetic  deflection  tubes.  High  resolution 
electrostatic  types  achieve  deflection  sensi¬ 
bilities  of  15  mv/trace  width  at  writing 
speeds  in  excess  of  1 0’1  trace  widths/second. 

Deflection  Sensitivity 

Deflection  factors  in  currently  available 
tubes  are  1  volt/cm  and  7  volts/cm  in  the 
signal  and  time  axis  respectively  when 
operating  at  a  screen  potential  of  15  KV. 
These  types  are  available  with  conventional 
or  with  fiber  optic  face-plates. 

V 

Large  Screen  Radar  Display 
with  High  Resolution 

Flat  face  radar  display  tubes  have  been 
produced  for  high  ambient  viewing  with 

Circle  No.  21  on  Reader  Service  Card 


resolution  capabilities  of  2,500  lines  across 
the  20-inch  useful  screen  diameter  at  high 
display  brightness. 

Large  Diameter  All  Electrostatic 
High  Writing  Speed 

For  high-speed  computer  readout,  rapid 
random  access  and  time-sharing  radar  dis¬ 
plays,  Du  Mont  has  a  complete  new  line 
of  large  diameter  electrostatic  focus  and 
deflection  CRTs  with  high  writing  speeds 
and  high  deflection  sensitivities. 

It  makes  particular  sense  to  look  to  the 
leader  for  cathode-ray  tubes  —  or  for  any 
other  special  purpose  tube.  No  other  manu- 
facturer  is  better  equipped  to  design  and 
build  special  purpose  tubes  for  your  specific 
application  demands. 
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KC  2296  is  overall,  has  V  diagonal,  5" 

square  face.  Deflection  and  acceleration  elec¬ 
trodes  are  brought  through  tube  wall  to  collar 
base  to  minimize  L  and  C  of  leads. 


A  new  Du  Mont  tube  catalog  is  yours  for 
a  postcard.  It  describes  hundreds  of  the 
more  than  4,000  types  of  cathode-ray,  stor¬ 
age,  photomultiplier  and  power  tubes  avail¬ 
able  from  Du  Mont.  Write  for  it  today. 
Du  Mont  Laboratories,  Divisions  of  Fairchild 
Camera  and  Instrument  Corp.,  Dept.  3C,750 
Bloomfield  Avenue,  Clifton,  N.  J. 
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'The  display  plotted  in  curve  "B”  of 
W  itrnre  5  and  the  Army  map  were  then 
lected  as  representing  the  displays  that 
be  considered  the  critical  pair  in 
jonie  fictitious  command  center,  and  their 
Lirves  were  replotted  in  Figure  0,  It  is 
obvious  that  their  crossing  point  sped- 
£rt.  (he  illumination  at  which  the  critical 
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ffg.  5  The  effect  of  illumination  on  human 
perception  ipeed  when  reading  self- 
luminous  displays. 

hard  copy  and  the  critical  display  can 
w  read  with  equal  ease. 

It  should  be  stated  again  that  the 
Jjeed  scale  is  not  the  reading  speed, 
taut  merely  a  way  of  achieving  compan¬ 
ion. 


Several  things  can  be  learned  from 
Figure  6*  For  one,  it  is  possible  that 
either  class  of  display  can  be  improved. 
The  brightness  of  the  cathode  ray  tube 
may  be  increased  or  the  suppression  of 
the  ambient  illumination  improved;  the 
map  may  be  printed  on  better  paper* 
or  its  contrast  may  be  increased  by  a 
change  of  ink.  The  interesting  point  is 
that  any  improvement  will  raise  the 
curve  for  that  display,  and  if  the  value 
of  illumination  is  adjusted  to  suit*  the 
ease  of  reading  of  both  displays  will  be 
improved. 

Second*  it  must  be  recognized  that  it 
will  sometimes  not  be  possible*  or  per¬ 
haps  desirable*  to  use  the  value  of  illu¬ 
mination  that  the  computation  calls  for. 


Fig.  6  The  selection  of  an  optimum  illumina¬ 
tion  for  reading  both  hard  copy  and 
self-luminous  displays  is  accomplished 
when  the  relative  perception  speeds  are 
eq  uni. 

On  such  an  occasion  the  plot  offers 
numerical  indication  of  the  advantage 
given  one  type  of  display  and  the  pen¬ 
alty  imposed  on  the  other  by  the  required 
level  of  illumination. 


And  third*  the  small  crosses  marked 
25  and  60  represent  the  crossing  points 
of  two  other  sets  of  curves  for  the 
same  displays  but  based  on  human  per¬ 
formance  curves  in  which  the  held  fac¬ 
tors  were  taken  as  25  and  60.  The  three 
crossings  indicate  the  same  value  of  illu¬ 
mination  to  within  the  accuracy  with 
which  the  performance  curves  can  be 
read  and  their  plot  smoothed;  it  must  be 
concluded  that  the  value  of  the  field 
factor  has  no  bearing  on  the  computed 
value  of  illumination  so  long  as  the  same 
factor  is  used  in  the  computations  for 
both  self-luminous  displays  and  hard 
copy. 

Suitability  of  the 
Computed  Illumination 

Since  the  computed  level  of  illumina- 
tion  is  markedly  lower  than  the  general 
recommendations  of  the  Illuminating  En¬ 
gineering  Society  for  offices*  it  is  proper 
to  question  whether  or  not  it  is  suit¬ 
able.  This  must  be  asked  in  two  parts 
—is  it  sufficient?  and  is  it  pleasing? 

Many  years  ago  a  number  of  observ¬ 
ers  were  given  control  of  the  illumina¬ 
tion  and  were  asked  to  find  the  value 
that  was  best  for  reading  the  Saturday 
Evening  Post .  The  reported  values  fol¬ 
low;6 

Available  value  of  illu¬ 
mination*  foot  candles  10  30  45 
Chosen  value  5  12  16 

The  very  human  tendency  to  choose 
a  middle  value  is  apparent,  and  it  must 
be  remembered  that  the  observers  were 
accustomed  to  a  lower  level  of  ilium ina- 
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tion  than  are  we  today.  However,  it  is 
also  apparent  that  there  is  no  pressing 
human  need  for  high  levels  when  the 
contrast  is  good. 

And  in  their  work  on  the  utility  of 
colored  ilium  inants,  Feree  and  Rand7 
tested  the  eyes  of  their  observers  both 
before  and  after  reading  for  three  hours 
in  Table  3  and  plotted  in  Figure  5. 

The  difference  between  curve  “A" 
(four  minutes  of  arc)  and  the  other 
curves  (two  minutes)  is  notable.  One 
is  tempted  to  say  that  a  stroke  width 
of  four  minutes  should  always  be  used, 
with  a  colored  illumination  of  only  0.3 
ft-candle.  There  was  a  measurable  loss, 
but  the  significant  fact  is  that  it  was 
possible  to  read  for  that  time  with  an 
undesirable  light  and  at  such  a  low  level. 

One  must  conclude,  then,  that  the  com¬ 
puted  level  of  illumination  is  above  the 
minimum  by  a  factor  of  at  least  forty* 
and  that  it  is  in  a  range  that  has  been 
selected  as  optimum  in  tests  where  the 
observer  could  control  the  level  of  illu¬ 
mination. 

It  is  clear  from  the  above  data  that 
the  computed  level  of  illumination  is 
sufficient,  but  that  does  not  assure  that 
it  will  be  pleasing.  The  reason  why  it 
may  be  one  and  not  the  other  is  that 
the  eye  does  not  see  illumination— it  sees 
the  brightness  of  the  work  and  its  sur¬ 
roundings  that  result  from  that  illumina¬ 
tion. 

The  sources  of  illumination  should  be 
distributed,  but  not  evenly  distributed. 
Completely  diffuse  illumination  creates 
a  somnolent  atmosphere,  while  the  in¬ 
clusion  of  some  concentration  points 
helps  seeing  through  the  formation  of 
the  shadows  by  which  form  is  perceived. 
And  of  course  no  light  source  whose 
brightness  is  materially  higher  than  that 
of  the  walls  should  be  within  the  field 
of  views  of  the  operating  people. 

The  ratio  of  brightnesses  within  the 
field  of  view  should  be  low.  This  effect 
is  most  easily  achieved  by  using  the  same 
finish  for  similar  objects  and  keeping  the 
illumination  reasonably  even.  Such  vari¬ 
ation  in  brightness  as  exists  should  follow 
as  closely  as  possible  the  rule  that  the 
ceiling  be  brightest,  the  walls  next  bright, 
the  furniture  and  equipment  next,  and 
the  floors  least  bright,  but  not  dark.  The 
IES  recommends  that  the  reflectivities 
be  walls,  0.5;  furniture  and  equipment, 
0.35,  and  floors,  0.3,  It  should  be  noted 
that  hard  copy,  with  a  paper  reflectivity 
near  0.7  and  ink  reflectivity  near  0.1, 
will  have  good  contrast  within  itself  with¬ 
out  either  the  paper  or  the  ink  being 
markedly  different  from  its  surroundings. 

Wall  projection  screens  present  a  prob¬ 
lem  because  the  symbol  brightness  is 
limited  and  it  is  necessary  to  achieve  the 
required  contrast  by  keeping  the  back¬ 
ground  dark.  Hence,  the  screen  must 
be  carefully  screened  from  all  room 
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lights.  However,  the  area  immediately 
around  the  screen  must  be  as  blight  as 
the  rest  of  the  wall.  This  surrounding 
area  can  be  illuminated  by  highly  direc¬ 
tive  lights,  it  can  be  back  lighted,  it  can 
be  set  back  of  the  screen  and  illuminated 
by  lights  behind  the  screen,  it  can  be 
made  fluorescent  and  excited  by  ultra¬ 
violet  light,  etc.  When  done  properly 
the  symbols  will  be  brighter  than  the 
walls  and  the  background  darker;  the 
presence  of  the  walls  will  make  the 
screen  appeal*  to  have  a  greater  contrast 
than  it  actually  has,  and  at  the  same 
time  will  maintain  the  balance  of  bright¬ 
ness  with  the  rest  of  the  room. 

A  clear  and  public  example  of  the 
effectiveness  of  balanced  brightness  is 
available  in  the  two  reading  rooms  of 
the  Congressional  Library  in  Washington. 
The  old  reading  room  in  the  main  build¬ 
ing  is  equipped  with  dark  furniture.  At 
night  the  walls  are  relatively  dark,  and 
the  darkness  of  the  ceiling  is  relieved 
only  by  an  illuminated  painting.  Lights 
over  the  desks  illuminate  only  the  writ¬ 
ing  surface.  In  the  day  the  walls  are 
much  brighter,  but  the  windows  to  the 
south  and  the  spots  of  sunlight  to  the 
north  make  severe  glare  spots.  Study  in 
this  room  is  very  tiring,  eye  strain  set¬ 
ting  in  after  an  hour  or  two.  The  reading 
room  in  the  Annex  is  illuminated  with 
artificial  sources  only,  using  desk  lights 
similar  to  those  in  the  old  room  plus  in¬ 
direct  illumination.  The  ceiling  is  the 
brightest  part  of  the  room,  the  walls 
are  next  bright,  and  the  furniture  is 
relatively  light.  There  are  no  glare  spots. 
One  can  study  for  hours  in  this  room 
without  fatigue.  The  comparison  is  strik¬ 
ing  proof  of  the  desirability  of  a  low 
ratio  of  brightnesses:  it  is  even  more 
striking  when  one  realizes  that  the  illu¬ 
mination  on  the  writing  surfaces  in  the 
two  rooms  is  the  same. 

It  is  clear,  then,  that  the  process  out¬ 
lined  in  this  paper  provides  equal  ease 
of  reading  for  both  hard  copy  and  dis¬ 
plays,  that  the  resultant  illumination  is 
entirely  adequate,  and  that  it  can  be 
made  pleasing.  There  remains  only  the 
problem  of  those  officers  who  normally 
work  in  brightly  lit  offices  and  who  must 
move  to  the  command  center  on  the  oc¬ 
casion  of  an  alert.  Luckily  the  computed 
illumination  for  the  command  center  is 
less  than  that  to  be  expected  in  offices 
by  a  factor  of  only  three  to  six.  It  is 
felt  that  a  smooth  transition  can  be  made 
possible  by  setting  the  illumination  of 
the  intervening  halls  and  anteroom  at  a 
value  intermediate  between  those  of  the 
offices  and  the  command  center. 

As  in  most  system  studies,  this  work 
shows  sthat  much  can  be  done  bv  a  num¬ 
ber  of  small  steps  taken  together.  It 
must  be  noted  that  one  of  these  steps, 
that  of  providing  a  limited  range  of 
brightnesses,  has  long  been  known  but 


has  frequently  been  overlooked. 

There  is  no  easy  way  to  compute  t| 
effectiveness  of  hoods,  means  for  dire, 
ing  the  illumination,  etc.  One  solute 
is  to  make  the  display  contractor  respqj 
sible  for  the  entire  installation  and 
provide  time  and  funds  for  cither 
mockup  or  extensive  tests  in  location.  4 
approach  that  would  save  the  cost 
repeated  moekups  is  for  the  Govern im 
to  make  the  tests,  to  provide  a  suitul 
room,  to  specify  the  design  of  the  In 
and  to  relieve  the  contractor  from 
sponsibility  for  the  contrast. 

Conclusions 

a)  The  described  process  readily  giy 
the  illumination  level  at  which  hard  eo| 
and  self-luminous  displays  are  equal 
readable,  or  gives  a  quantitative  stai 
ment  of  the  advantage  given  one  daj 
source  over  the  other  when  a  different 
lumination  level  is  used. 

b)  The  current  art  for  cathode-ray 
plays  permits  an  adequate  level  of  ill 
mination  if  known  techniques  for  rn;i 
taining  contrast  are  used.  The  samej 
true  for  projection  displays  if  the  scr< 
area  is  reasonable. 

c)  This  level  of  illumination  will  JL 
pleasing  if  the  color  of  the  ceiling,  wall 
furniture,  equipment,  and  floors*  as 
the  distribution  of  illumination  gives! 
small  range  of  brightness  with  a  propl 
distribution  of  brightness. 

d)  The  values  for  the  contrast  of  hai 
copy  given  herein  should  be  re-examiner 
If  the  listed  values  are  low,  then  corrrf 
values  will  permit  a  new  selection  off? 
lumination  with  which  both  the  H 
copy  and  the  displays  can  be  read  incj 
easily.  If  the  listed  values  are  corral 
then  similar  values  can  be  used  in  full! 
display  specifications  with  a  financial  S3 
ing  for  the  customer.© 
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How  do  you  visualize  real  time  computer  data . . . 
continuously,  completely,  for  command  decisions? 
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One  Military  Command 
does  it  with  50  of  these. 


This  is  a  Kollsman  Data  Display  Projector*  It  is  a  modu¬ 
lar  unit  that  is  built  up  into  systems  for  displaying  real 
time  command  or  control  data  from  analog  or  digital 
computers  or  manual  input  sources,  on  a  large  screen. 
The  display  systems  enable  commanders  to  base  deci¬ 
sions  on  visual  interpretation  of  continuously  displayed, 
computer^processed  data* 

Why  was  it  selected  for  this  important  mission?  Partly 
because  of  its  performance— real  time  response  and  high 
contrast  ratios  *  *  *  plus  a  repositioning  accuracy  of  0.03%* 
Partly  because  of  its  rugged  construction,  dependability 


and  ease  of  maintenance*  And  partly  because  of  its  proven 
capability  in  actual  service  installations* 

For  command  control  or  training  missions,  or  for  air 
traffic  control,  Kollsman  Data  Display  Systems  with  their 
solid-state  circuitry  and  advanced  electro-mechanical 
components  provide  the  sure  perform-  |  ^ 
ance  their  sensitive  roles  demand* 


Write  for  complete  specifications  to 
Display  Systems,  Kollsman  Instrument 
Corporation,  Elmhurst  73,  New  York. 


Kollsman  Instrument  Corporation 
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ELMHURST  73.  NEW  YORK  |  SUBSIDIARY  Of  STANDARD  KOLLSMAN  INDUSTRIES,  INC. 

Subsidiaries:  Kollsman  Motor  Corporation,  Kollsman  Ordnance  Manu¬ 
facturing  Corporation,  Kollsman  International  A.  G.,  Kollsman  In¬ 
strument  Ltd*  (Great  Britain),  Kollsman  System-Tecknik  (Germany)* 
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Circle  Redder  Service  Cord  No*  22 


A  good  catch-phrase  with  which  to 
start  a  discussion  on  displays  might  be 
“There  is  something  in  it  for  everyone." 
Certainly,  the  interdisciplinary  nature  of 
display  development  attests  to  the  truth 
of  this  phrase.  Contributing  disciplines 
include  optics,  psychology,  physiology, 
engineering,  the  behavioral  sciences  and 
the  computing  sciences. 


Such  an  interdisciplinary  approach  is 
both  a  strength  and  a  weakness  to  dis¬ 
play  development.  Its  strength  lies  sim¬ 
ply  in  the  multiplicity  of  disciplines  upon 
which  it  may  feed  and  expand-  its  weak* 
ness  lies  in  the  difficulty  of  effecting  a 
parallel  advance  on  all  the  essential  fronts 
typifying  any  display  development. 

It  would  be  interesting,  in  this  regard, 
to  survey  the  membership  of  the  Society 
for  Information  Display  just  to  deter¬ 
mine  what  the  formal  scientific  back¬ 
grounds  of  its  members  were.  Without 
dwelling  indefinitely  cm  this  interesting 
characteristic  of  displays,  suffice  it  to  say 
that  it  reveals  the  role  always  played  by 
displays  which  has  been  accentuated  bv 


by 
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the  recent  development  of  automated  ffj 
play  devices.  In  particular,  the  funety 
of  information  display  is  a  transfer  fut 
tion  between  the  external  environing 
and  man's  reasoning  and  decision  makii 
capabilities.  The  effectiveness  of  the 
formation  display  function  is  affected 
individual  human  baits,  by  the  metl 
of  display,  by  the  mechanics  of  displ 
and,  of  course,  by  the  completeness  ai 
representativeness  of  the  informatii 
being  displayed.  It  is  believed  that  ca 
of  these  display  characteristics  mi^ 
form  the  nucleus  of  a  contributing 
cipline  in  the  information  display  fit*J 
Currently,  it  appears  that  the  field  q 
information  display,  although  growij 
rapidly,  is  disorganized  and  relative 
ineffectual  in  its  influence  upon  disph 
development  projects.  The  present  staj 
of  organization  within  the  field  is 
omized  ( 1 )  by  a  standing  group  vvitl 
the  National  Academy  of  Sciences— NJ 
tiomil  Research  Council  known  as  Woi 
ing  Group  VJ  of  the  Vision  Commit  b 
and  concerned  with  displays  for  cent 
of  forces,  (2)  by  a  yearly  Institute  s\ 
sored  by  the  Center  for  Technology 
Administration  of  the  American  Univ* 
sityT  (3)  by  courses  given  at  the  Univt 
sity  of  California  at  Los  Angeles  (UCU 
and,  (4)  by  the  Society  ron  Inforj 
tion  Display  with  its  local  chapters  a 
national  conventions.  Working  Group  V) 
is  the  oldest  of  these  groups  and  it  dale 
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I  t  it  has  no  solid  scientific  discipline  or 
*  cadeinic  curriculum  to  support  it  as  yet 
ac\  t^at  a  tremendous  amount  of  chal- 
“"‘fog  yet  essential  ground  work  re- 
niins  to’ be  done  before  projects  in  the 
field  can  expect  to  gain  any  but  acci¬ 
dental  success.  It  is  always  an  interest- 
uting  (H  illM  exorcise  when  hying  to  describe  a 
play  fiefc  now  subject  area  such  as  information 
field,  display  t»  try  to  establish  a  hypothetical 
grow  is  scliolastic  discipline  which  will  lead  to 
reiativd  various  degrees  of  proficiency.  Such  an 
■-  “  exerci sc  here  reveals  both  that  a  wide 
mnfc  of  formal  schooling  is  needed  to 
cover  the  waterfront  of  information  dis¬ 
play  design  and  that  no  one  of  the  exist- 
ing  standard  college  specialization  fields 
m  is  sufficient  to  qualify  a  graduate  as  an 
Dommitti  information  display  designer. 

:°r  contt  Contrary  to  these  facts  being  consid- 
itute  spa  er£!Cj  nn  indictment  against  college  cur- 
lology  an  rietila  they  are  instead  advanced  as  an 
m  Univl  indictment  against  the  current  frenzied 
he  ^“i^pearch  to  find  an  individual  who  typifies 
s  (UCLA, a  typical  information  display  expert,  a 
Inform*  standardized  set  of  procedures  to  follow 
apters  an  jn  information  display  design,  a  typical 
Croup  X  hierarchy  of  information  display  systems 
id  it  da&  from  which  one  can  derive  all  informa¬ 
tion  display  systems,  a  single  book  in 
which  one  can  cover  all  aspects  of  in¬ 
formation  display  system  design  and  a 
parallel  development  in  all  techniques 
if  information  display.  The  railway  sys- 
:em  was  not  immediately  possible  with 
the  invention  of  the  steam  engine  al¬ 
though  a  requirement  for  rapid,  reliable 
transportation  between  all  cities  in  the 
Continental  United  States  existed  and 


was  frequently  stated.  Again,  die  inven¬ 
tion  of  the  printing  press  did  not  result 
in  a  breed  of  trained  individuals  capable 
of  developing  an  optimum  reproduction 
and  dissemination  system  for  rapid,  con¬ 
trolled,  responsive  distribution  of  printed 
material  although,  here  too,  such  a  re¬ 
quirement  existed.  Similarly,  in  our  time 
the  development  of  many  new  informa¬ 
tion  display  devices  from  individual  con¬ 
soles  to  large  board  automated  displays, 
along  with  an  associated  requirement  for 
an  information  system,  does  not  guaran¬ 
tee  either  the  development  of  the  sys¬ 
tem  or  the  existence  of  individuals  adept 
in  design  of  such  a  system. 

On  the  assumption  that  the  process 
of  learning  and  applying  new  techniques 
and  theories  has  not  changed  over  the 
years,  it  is  probable  that  most  of  die 
state-of-the-art  techniques  and  immedi¬ 
ately  available  skills  now  utilized  in  sys¬ 
tem  design  are  interim  measures  and 
that  a  basic  theory  covering  the  varied 
aspects  of  system  design  is  already  evolv¬ 
ing  and  will  supplant  many  of  the  mis- 
practices  and  misues  of  system  design 
now  tolerated  and  condoned* 

Of  course,  the  information  display  field 
runs  the  gamut  from  grease  pencil  charts 
through  television  displays  to  computer- 
run  automated  large  board  color  displays 
and  each  portion  of  this  display  spectrum 
in  turn  has  its  own  challenges  and  its 
own  problems*  However,  it  might  be 
interesting  at  this  point  to  discuss  one 
particular  area  in  which  the  Department 
of  Defense  has  had  some  recent  expe¬ 
rience* 

As  is  well  known,  the  Department  of 
Defense  has  pioneered  in  the  design,  de¬ 
velopment  and  usage  of  automated  dis¬ 
play  systems*  They  have  been  joined 
in  the  last  several  years  by  NASA  and 


FA  A  where  this  trio  probably  represents 
almost  the  entire  government  support  for 
such  systems.  The  Department  of  De¬ 
fense,  itself,  has  sponsored  eight  major 
efforts  to  design,  develop  and  use  com¬ 
puter-driven  large  board  display  proj¬ 
ects.  These  were  intended  for  automated 
air  defense  or  command  and  control 
type  systems* 

The  initial  effort  is  just  now  about 
a  decade  old  and  is,  of  course,  that  for 
the  SAGE  air  defense  systems.  These 
eight  projects  cost  the  Department  of 
Defense  more  than  seven ty-five  million 
dollars.  Three  involved  black  and  white 
displays  and  five  involved  color  displays. 
One  black  and  white  display— the  SAGE 
display— and  one  color  display  are  cur¬ 
rently  functioning  in  an  operational  en¬ 
vironment.  However,  no  color  display 
has  yet  been  used  by  the  command  for 
what  it  was  intended  for  its  prescribed 
purpose. 

One  display  which  was  installed  and 
declared  operational  by  the  developing 
agency  is  in  the  process  of  being  re¬ 
moved  less  than  three  years  after  its 
operational  birth  date.  Its  removal  is 
due  simply  to  the  disturbing  fact  that  it 
was  never  found  useful  by  its  users*  It 
was  cumbersome  to  use  and  the  display 
system  was  incapable  of  being  readily 
modified  so  as  to  display  information 
not  initially  thought  of  by  the  users  or 
system  developers. 

Development  of  two  of  the  display 
systems  had  to  be  stopped  several  years 
after  work  was  initiated  but  prior  to 
final  completion  and  the  project  had  to 
be  completely  reoriented*  Stoppage  in 
these  cases  was  due  to  technical  diffi¬ 
culties  in  the  engineering  design  and 
occurred  before  any  operational  criteria 
could  be  applied. 

It  is  interesting  to  note  that  for  the 
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SAGE  System  no  statistics  or  data  have 
been  compiled  on  the  usefulness  or  the 
adequacy  of  the  large  board  display  sys¬ 
tems  for  the  command  concerned.  Suc¬ 
ceeding  projects  have  as  a  result  not  been 
based  on  lessons  learned  from  previous 
efforts. 

Mistakes  have  been  duplicated  and  un¬ 
fortunately  very  little  learning  has  ac¬ 
crued  to  die  intended  users  since  most  of 
the  displays  run  into  their  technical  or 
philosophical  difficulties  prior  to  their 
being  applied  to  military  command  users. 
To  the  best  of  my  knowledge,  only  one 
company  has  been  asked  to  deliver  a 
second  large  board  display  system  and 
this  occulted  seven  to  ten  years  ago.  It 
is  difficult  to  imagine  a  stronger  indiet- 
ment  against  the  success  of  display  ef¬ 
forts. 

One  should  of  course  be  able  to  use 
this  decade  of  experience  to  draw  a 
number  of  conclusions  concerning  both 
potentials  and  deficiencies  in  manage¬ 
ment,  design  and  usage  of  display  sys¬ 
tems.  That  this  is  indeed  the  case  will 
be  shown  subsequently.  However,  at 
this  point  it  is  worthwhile  to  explore  an¬ 
other  area  of  display  technology  where 
some  considerable  success  is  being 
achieved  and  where  there  appears  to  be 
considerable  potential  to  exploit. 

Presently,  the  individual  display  con¬ 
sole  seems  to  have  proven  more  use¬ 
ful  than  has  the  large  group  display.  It 
may  be  because  of  the  distinct  correla¬ 
tion  between  decision  inodes  and  elec¬ 
tronic  display  equipment  types.  First, 
the  following  modes  of  decision  may  be 
differentiated  on  the  basis  of  user  roles; 

•  Decision  modes  based  on  user  roles 

( 1 )  Individual  —  here  an  individual  is 
self-sufficient  as  a  decision-maker 
and  provides  a  unilateral  deci¬ 
sion. 

(2)  Group  —  here  group  participation 
results  in  a  decision  made  while 
the  group  is  in  session.  The  de¬ 
cision  has  the  concurrence  of  all 
group  members. 

(3)  Individual  within  a  group  —  here 
the  individual  although  part  of  a 
working  team  makes  an  individ¬ 
ual  decision  which  forms  a  part 
of  the  complete  decision  required 
of  tile  group.  There  is  always  a 
dependency  between  such  indi¬ 
vidual  decisions  which  can  be 
explicitly  stated,  e.g,,  time- 
phased. 

Secondly,  a  division  of  display  equip¬ 
ment  types  based  on  engineering  or  sys¬ 
tems  roles  may  be  made  as  follows: 

*  Electronic  display  equipment  types 

(1)  Individual  console  —  the  console 
is  designed  for  use  by  one  to 
three  individuals  at  a  time.  Dis¬ 
play  is  non-permanent.  (No  per¬ 
manent  copy  is  produced,) 

(2)  Group  display  (or  large  board 


display)  —  a  large  screen  display 
suitable  for  viewing  and  use  by 
a  minimum  of  four  people  at  a 
given  time  while  they  are  seated. 
The  size  of  the  display  is  depend¬ 
ent  upon  the  stated  number  of 
viewers,  Display  is  non-perma¬ 
nent. 

( 3 )  Inter co mmunic at  ing  indi  vidua  l 
consoles  —  the  individual  console 
forms  part  of  an  intercommuni¬ 
cating  display  system  such  that 
an  operator  at  any  given  console 
may  change  the  display  at  any 
other  console  or  have  his  display 
so  changed.  The  intercommuni¬ 
cations  are  tinder  operator  con¬ 
trol.  Display  is  non -permanent. 

(4)  Hard-copy  display  unit— any 
equipment  capable  of  producing 
a  permanent  hard-copy  display 
of  any  size. 

The  correlation  between  the  above  de¬ 
cision  modes  and  electronic  display 
equipment  types  is  as  follows; 

•  Correlation  between  decision  modes 

and  display  equipment  types 

(1)  Individual  (1)  Individual 

(2)  Groups  Console 

(3)  Individual  (2)  Group  Display 

with  a  (3)  Interconnecting 
group  individual 

console 

(4)  Hard-copy 
display  unit 

The  intended  meaning  of  the  linking 
lines  can  be  illustrated  by  an  example. 
The  solid  line  from  the  individual  con¬ 
sole  equipment  to  the  individual  decision 
mode  indicates  that  this  is  an  entirely  sat¬ 
isfactory  linkage.  The  dotted  line 
from  the  individual  console  equipment 
type  to  the  "individual  within  a  group" 
decision  mode  indicates  a  frequently 
made  correspondence  which  is  not  en¬ 
tirely  satisfactory. 

The  contention  is  made  here  that  in¬ 
dividual  display  consoles  have  achieved 
more  success  because  the  individual  de¬ 
cision  mode  haj?  been  more  completely 
studied  than  the  group  mode  and  because 
group  decisions  involve  more  qualitative 
factors  than  individual  decisions.  It  is 
true  that  those  decisions  which  are  the 
most  difficult  to  make  are  those  which 
involve  qualitative  factors  such  as  judg¬ 
ment,  experience  and  intention. 

A  decision  which  involves  quantitative 
factors  only  may  be  completely  described 
in  terms  of  successive  steps  and  may  be 
assigned  to  an  individual  to  make.  More 
than  one  individual  is  normally  consulted 
where  qualitative  judgments  are  required. 
Also,  as  one  might  expect,  it  is  more 
difficult  to  determine  how  to  use  displays 
to  aid  in  v  decisions  involving  qualitative 
factors  or  to  aid  group  decisions. 

It  is  interesting  to  list  some  of  the 
areas  for  which  automated  individual 
consoles  are  being  used  or  investigated 


in  the  Department  of  Defense  if  o* 
first  notes  that  large  automated  groj 
displays  are  normally  suggested  as  gro^ 
briefing  aids  or  as  aids  in  viewing  luq 
geographical  areas  on  which  chaitgij 
information  is  being  displayed.  - 

Some  of  the  areas  of  interest  for 
plication  of  automated  individual  e<) 
soles  include: 

(1)  On-line  solution  of  numeric 
problems. 

(2)  Query  of  automated  data  bug 

(3)  Automated  programming  aids, 

(4)  Graphical  problem  solution,  I 

(5)  Tactical  command  and  problem 
such  as  air  defense. 

(6)  Input  analysis 

(7)  Textual  editing,  extracting  aT 
indexing. 

(8)  Monitoring  of  system  status; 
say  as  for  secure  A  DP  systei 

(9)  Presentation  of  changing  foj 
status  and/or  disposition. 

(10)  Rapid  modification  of  uutomnti 
data  bases. 

(11)  Photo  interpretation, 

(12)  Pattern  recognition. 

(13)  Geographical  contouring. 

There  are  projects  in  each  of  tin 

areas,  either  already  funded  or  in  tl 
process  of  being  funded  in  the  Dep;u 
ment  of  Defense  and  one  can  eertafi 
expect  the  number  to  be  increasing 
our  knowledge  of  display  technology  as 
usage  becomes  more  precise  and  scrii 
ti  finally-  groun  ded , 

On  the  basis  of  experience  gained  d i 
ing  the  last  decade  and  as  a  result 
the  research  done  in  government  lab 
tones  and  by  private  industries  it  lid 
appears  possible  to  formulate  a  tnamp 
ment  approach  to  development  of  auk 
mated  display  systems  and  of  orientin' 
future  developments  so  that  they  do  is 
prove  the  capability  of  the  militdl 
commander.  The  main  subject  tin 
proposed  for  this  management  appro: 
are: 

(1)  Keying  of  displays  to  spc< 
functional  requirements  of 
groups, 

(2)  Analysis  of  the  correlation 
tween  display  tvpes,  informal 
structure  and  behavioral 
acteri  sties  of  the  user  groii] 
Improvement  of  system  d> 
techniques  to  permit  shorter  4 
sign  lead  times. 

(4)  Development  of  more  varied  ^ 
simple  display  hardware. 
Development  of  improved 
puter-to-display  techniques 
hardware. 

Advancement  of  human  fact! 
research  and  application , 

All  of  you  are  encouraged  to  disCJ 
these  topics  and  advance  ideas  \vh* 
you  may  have  with  us  in  DDR&E  " 
are  interested  in  the  science  of  nil 
mat  ion  display. 
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retrieves,  erases,  updates  stored  data  instantly 
without  additional  cards,  tape  or  paperwork 


Raytheon's  compact,  Digital  Information  Dis¬ 
play  System  (DIDS-500)  completely  eliminates 
the  need  for  card  punching  and  paperwork  when 
composing  or  editing  computer -stored  material 

The  fully  transistorized  unit  —  containing 
122  electronically -gen  era  ted  letters,  numerals  and 
symbols  —  is  activated  by  an  operator-controlled 
standard  typewriter  keyboard  and  electronic  cur¬ 
sor.  Tt  translates  digitized  information  stored  in 
the  computer  into  conventional  language  or  for¬ 
mulas  and  displays  this  information  on  a  15"  x  15" 
screen  for  operator  editing. 


The  system,  available  both  in  a  militarized 
and  a  commercial  configuration,  features  printed 
circuit  board  construction  for  rapid  substitution 
of  cursively  written  characters  or  symbols  in  the 
field.  Its  versatility  makes  it  an  ideal  complement 
for  computers  and  data  processing  systems* 

Remote  operator  consoles  can  provide  im¬ 
mediate  access  to  stored  data  from  a  large,  cen¬ 
trally  located  data  processor.  Stored  information 
can  be  verified,  erased,  updated  and  re-stored  di¬ 
rectly,  thus  eliminating  the  need  for  key  punching 
and  intermediary  processing* 


proved  & 
hniqueS 


APPLICATIONS 

GOVERNMENT:  Command  and  Control  Systems  *  Preflight 
Checkout  *  Air  Traffic  Control  ■  Tactical  Weapons  Systems" 
Radar  Data  Processing  ■  Information  Retrieval 
COMMERCIAL:  Digital  Computer  Programming  Analysis  * 
Stock  Quotation  and  Analysis  ■  Medical  and  Hospital 
Records  ■  Airline  and  HoteJ  Reservations  *  Banking  and 
Legal  Records  ■  Inventory  Control  Systems  •  Invoicing  and 
Billing  Systems  *  Information  Retrieval 


For  complete  information  about  this  new 
Raytheon  system  as  well  as  other  data  display  sys¬ 
tems,  write:  Manager  of  Marketing ,  Box  255C , 
Equipment  Division ,  Raytheon  Company ,  State 
Road  West,  Wayland ,  Massachusetts ,  0177S 
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News  from  SID  Chapters 

- —  lot  Angalsj/Sorv  Diego  — 

The  Los  Angeles  and  Sat*  Diego  chapters  joined,  in  their 
first  fall  meeting,  for  a  visit  to  March  AFB*  Riverside,  Calif., 
to  see  the  WS  456-L  installation.  The  Los  Angeles  chapters  of 
SID  and  SPIE  recently  presented  a  joint  2-day  symposium  on 
new  technologies  for  data  recording  and  display. 

■ —  Washington  — 

Regular  monthly  technical  meetings  held  this  year  have 
included  the  following  presentations;  "Vigicon  Displays”,  by 
Nortronies;  “FAA  Bright  Display  Systems  Demonstrations 
Used  in  En-RouLe  Air  Traffic  Control”,  arranged  by  E,  S  ton's; 
dual  presentations  of  "Multiple  Station  Display  Systems”,  by 
The  Johns  Hopkins  University  Applied  Physics  Lab,  and  ‘‘Sig- 
nal  Distribution  for  Matrix  Displays”,  by  Wetinghmise;  ^Gen¬ 
eralized  Display  Language  and  System”,  by  Dntatrol  Corp.; 
and  Air  Force  Systems  Command  displays.  A  joint  visit  was 
arranged  with  the  Mid- Atlantic  chapter  to  the  Rome  Air  De¬ 
velopment  Center  in  New  York.  Average  attendance  at  meet¬ 
ings  is  nearly  70%  of  membership. 

Debons  Presides  at  International  Meet 

Anthony  Debons,  President  of  the  Society  for  Information 
Display,  presided  as  chairman  of  a  group  of  U.S.,  French,  and 
German  scientists  in  Bonn,  Germany  last  June.  The  meeting 
was  sponsored  by  the  Mutual  Weapons  Development  Infor¬ 
mation  Exchange  program  of  the  Department  of  Defense. 
The  group  reviewed  the  state-of-the-art  in  man-computer  in¬ 
formation  transfer,  with  particular  attention  to  the  present  re¬ 
search  and  development  resources  of  member  countries  in 
visual  display  technology  that  could  meet  the  needs  of  the 
NATO  community. 

Dalto  Receives  NASA  “LOLA”  Contract 

NASA  has  awarded  a  $1  million  contract  to  Dalto  Elec¬ 
tronics  Corp.  to  build  the  lunar  navigation  display  system  for 
the  Lunar  Orbit  and  Landing  Approach  Simulator  (LOLA). 
The  simulator,  a  research  tool  to  develop  techniques  and  test 
operational  hardware  for  the  nation's  over-all  lunar  program, 
will  be  installed  at  NASA's  Langley  Research  Center.  It  will 
provide  scenes  of  the  moon  and  stars,  as  seen  through  the  four 
viewing  ports  during  simulated  spacecraft  maneuvers.  Four 
models  of  the  lunar  surface  furnish  the  scenery,  showing  how 
the  moon  will  look  to  the  astronauts  at  distances  varying 
from  200  miles  out  down  to  200  ft.  from  touchdown , 

Multichannel  Pulse-Height  Analyzer/Printer 

Optikon,  a  new  data  output  printer  for  multichannel  pulse 
height  analyzers,  has  been  announced  by  Nuclear  Data,  Inc. 
Optikon  uses  photographic  techniques  that  the  manufacturer 
claims  are  20  times  faster  than  computer  readout  typewriters. 
The  Opikon  printer  presents  data  in  row  and  column  format 
on  either  a  3x4  inch  or  4x5  inch  Polaroid  print  requiring 
only  10-second  development.  A  complete  readout  of  1024  six¬ 
digit  numbers  can  be  printed  in  approximately  one  mimie. 
The  n ew  printer  has  only  two  moving  parts.  It  is  slaved  to  the 
controlling  instrument. 


Call  for  Papers 

The  Fifth  Notional  Symposium  of  the  Society  for  Infor¬ 
mation  Display,  February  25-26,  1965,  Los  Angeles,  is  now 
calling  for  papers  dealing  with  display  systems  and* re¬ 
lated  technology.  Submit  500- word  abstracts  to  Rudolph 
KueHn,  Papers  Chairman,  1831  Seadrift  Drive,  Corona  del 
Mar,  Calif.,  by  November  16,  1964. 
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Spacecraft  TV  Data  System  for  JPL 

JFL  has  ordered  a  Spacecraft  Television  Ground  and  1), 
Handling  System  (STGDHS)  for  its  space  flight  operatic 
complex  to  support  NASA  scientific  investigations  of  the  mg 
and  planets  by  providing  visual  observations  of  their  Suifaq 
The  nevv  system,  to  be  built  by  Link  Group,  General  Pni 
s ion,  Inc.,  will  record  spacecraft  television  data  and  proc^ 
accurate  image  material  for  the  scientific  community  from 
transmissions.  Included  in  the  over-all  Link  system  will 
the  following  subsystems:  data  acquisition  and  rccoidfj 
data  recovery,  on-site  film  recording,  media  conversion, 
play  and  analysis*  and  storage  retrieval  and  photo  process^ 


Reconnaissance  Data  Reduction  Shelters 


Fairchild's  new  mulli-sensor,  viewer-printer  display  console. 

Rome  Air  Development  Center  has  begun  accepting  1 
livery  of  new  reconnaissance  data  reduction  shelters 
Fairchild  Space  6r  Defense  Systems  under  a  $7,6  million  cf 
tract  to  furnish  Air  Force  commanders  with  split-second  nil 
ligence  information  on  tactical  enemy  targets.  Fart  of  a  limil 
war  intelligence  reduction  complex  designed  by  Rome  AT" 
AFSC,  three  of  the  image  interpretation  cells  can  be  aiidil 
in  a  four-engined  C-130  Hercules  transport  to  any  militf 
theater  within  24  hours.  Key  element  in  the  cells*  semi  at 
mated  photo-interpretation  systems  is  a  new  multi -si 
viewer-printer  console  (see  photo)  for  simultaneous  dis| 
of  panoramic  and  frame  photography  as  well  as  side- look* 
radar  and  infrared  imagery*  A  digital  computer  and  telebf 
writer  equipment  speed  preparation  and  transmission  of  *  [ 
telligcnce  reports. 

Charactron  Tube  Versatility  Increased  50% 

A  new  matrix  containing  96  different  characters  and  s)1] 
bols  instead  of  the  usual  64  available  in  the  CharaciS 
Shaped  Ream  Tube  is  being  incorporated  into  new  compJ 
display  systems  produced  by  Strom herg-C arisen  div.f  Gen* 
Dynamics,  the  firm  has  announced.  The  newly-develop 
matrix  is  capable  of  presenting  both  upper  and  lower 
letters,  plus  a  variety  of  symbols  and  Greek  letters*  The  E* 
also  has  a  spot  writing  capability*  producing  an  0.008-# 
spot  at  four  microamps.  Character  size  is  variable  at  a  i? 
of  5:  L  ranging  from  0,200  inches  down  to  0.040  inches.  S’ 
bols  are  typically  repeated  at  a  30-times-per-second  Did 
free  rate. 


tracts  in 
panels. 

spun so  I  CC 

mental  lot 
ance  *ni| 
huiuneset' 
nadc  j 

electrohiri 
Jution  of 
of  less  \hi 
of  each  0 
the  panel 
Minitnmft 
peeled  (o 

Printers 

The  A 
systems  jf 
gram,  Auj 
120 -coll  jn 
etry  to 
semi-auto 
to  proviai 
tion  cent 

Air  Force 

computer 
directing 
computet 
ment*  wf 

Photocb 

A  roip 
reported 
Co,,  wit J 
(PCMI) 
cess,  the 
mass-prat 
The  basil 
reprodud 
be  pliof  o^ 
makes  it 
of  micro 
materials 
reduction 

New  On- 

Naval 
ly  install! 
Compute 
tract  fmn 
tube-type 
meats,  T 
and  anal 
system  a» 
permit  hi 
system. 

Bunker-1 

A  CR*! 
Bunker- R 
sor.  Bits 

the  |)i(  sc 

of  dtanig 


Editorial 
should  be 
’60  S.  Ro 


INFORMATION  DISPLAY.  SEPT/OCT, 


minescent  Oisplay  Panel  Contracts 
Etectroiu  [i)c  |,as  i)cen  awarded  two  major  Navy  am* 
Sigma  '*  ^  ^  high-resolution  electroliuninescent  display 
tracts  m  go,', tract,  from  ONR,  is  for  a  research  program 

panels  * 
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hv  the  Army,  Navy,  and  Aircraft  Instro- 
h  Committee  seeking  significant  perform- 


^isorcd  gdlyci 

metttati*’1'  (>vcme)lte  jn  vacuum-deposited  thin-IUm  electro- 
a,ice  m  ji|j(  ,]jSp]av  devices.  The  second  contract,  from 
^TnC* lolmsville,  Pa.,  is  for  die  development  of  a  prototype 
i  .ir olnmiocscent  panel  which  requires  extremely  high  rcso- 
elect  ggg  orthogonal  elements  over  an  active  surface  area 
Kill  hd|0^  mo  S(jiiare  inches.  Guidelines  indicate  brightness 
tSS|>  of  the  65,538  individual  electroluminescent  lumps  in 
J  o  f“gI|Ci  will  not  vary  more  than  5 %  over  the  entire  display. 
2.  Minimum  intensity  of  light  output  from  each  lamp  is  ex- 
to  exceed  100  ft.  lambcrts. 


Printers  for  416L  BUIC  Ordered  by  USAF 

llic  Air  Force  has  ordered  more  than  $1  million  in  printer 
svstenis  for  its  Back-tip  Interceptor  Control  (BUIC)  pro¬ 
gram.  Ancle*  Corp  ,  the  prime  contractor,  will  supply  standard 
120-coliiinm  600-lincs-per-mimitc  printers,  with  special  cabfn- 
etry  ^0  combat  radio  frequency  interference.  The  BUIC 
semi-automatic  command-control  system  has  been  designed 
to  provide  backup- weapons  control  capability  to  SAGE  direc¬ 
tion  centers  in  this  country  and  in  Canada,  It  will  furnish 
Air  Force  commanders  all  possible  information,  electronically 
computed  and  collated,  on  which  to  base  decision-making  in 
directing  air  battle.  The  system,  which  includes  solid-state 
computers,  printers  and  communications  and  display  equip* 
(merit,  will  be  installed  in  existing  buildings, 

Photochromic  Micro  image  Technology 

A  recent  development  in  information  processing  has  been 
| reported  by  the  Electronics  DIv,T  The  National  Cash  Register 
J Co,,  with  its  announcement  of  Pliotochromic  Micro- Image 
(PCMI)  technology.  In  a  recent  demonstration  of  the  pro- 
feess,  the  entire  contents  of  the  Bible  were  reduced,  stored,  and 
lass-produced  as  a  film  chip  of  less  than  two  inches  square, 
I  The  basic  process  can  reportedly  photograph  and  store  as  a 
reproducible  microscopic  image  almost  any  record  that  can 
E  be  photographed,  NCR  claims  PCM  I  is  the  first  process  which 
■makes  it  practical  to  record  and  disseminate  a  great  quantity 
lof  micro-images  with  very  high  packing  density.  Various 
materials  have  been  successfully  recorded  and  reproduced  at 
reductions  ranging  up  to  50,000: 1  in  area. 

New  On-Line  Displays  at  N0TS/ Pasadena 

Naval  Ordnance  Test  Station,  Pasadena,  Calif,,  is  current¬ 
ly  installing  three  new  display  systems  at  its  Simulation  and 
[Computer  Center.  Acquired  on  an  estimated  $240,000  eon* 
tract  from  Data  Display,  Inc.,  the  units  are  basically  cathode- 
jtube-type  displays,  equipped  with  memories  and  other  refine* 
■iiK'iits.  These  will  be  operated  “on-line*  with  both  digital 
k'mu  analog  equipment  utilized  in  scientific  and  weapons 
‘ystem  analysis.  Display  of  information  to  a  technician  will 
pci  mil  him  to  insert  corrections  and  changes  in  the  computer 
fpystem. 

07o 

h^Charal  8?rr-amo  CRT  Fli£ht  Information  Display 

-Jh  ,  'hi  flight  information  board  recently  introduced  by 
ne,W  Gfifcj1  B*r'^nmo  ^orI1,  's  ^  information  from  a  central  proces- 
^wlv^deve%lic  lts  are  displayed  on  green  phosphorescent  CRTs,  and 
i  t  Presentation  is  programmed  so  that  size  and  sequence 
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INFORMATION  DISPLAYS,  INC. 

DISPLAY  PRODUCTS 


Economical,  reliable,  solid  state 
display  products  and  system i, 

*  COMPUTER 

CONTROLLED  DISPLAYS 

* , ,  fully  transistorized  .  .  ,  can  be  interfaced 
with  most  computers  such  as  CCC,  DDP-24, 
CDC-160A,  IBM-7094,  PB440,  SDS930. 

*  GURVILINE® 

CHARACTER  GENERATOR 

...  Writes  characters  with  continuous  straight 
and  curved  lines  at  rates  up  to  100,000 
char/sec. 

•  STORAGE  TV  SYSTEMS 

* < .  Stores  transient  image  for  continuous  dis¬ 
play  on  conventional  TV  monitor  for  up  to 
one  hour. 

*  VECTOR  GENERATOR 

* . .  Generates  deflection  voltages  to  draw 
straight  line  on  CRT  between  any  two 
designated  points, 

•  DEFLECTION  AMPLIFIERS 

...Electromagnetic  deflection  amplifier  gives 
70°  random  deflection  as  fast  as  12  USEC 
.  .  .  Electrostatic  deflection  amplifiers  with 
5MD  bandwidth. 

•  LIGHT  PEN 

. . ,  Generates  signal  when  dot  on  CRT  is  il* 
Jumlnated  .  ,  .  includes  ENABLE  button  on 
pen, 

. , .  and  MORE! 


*  *  *"  *  _  — » 

i£ 


WRITE  FOR 
COMPLETE 
DETAILS  I 


l'*g> 

.  .  film  recording  system. 
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Gen.  Gibbs  to  Speak, 
18  Papers  Offered 
At  4th  Meeting 


Map  Gen.  David  F.  Gibbs,  Chief  of 
Comm un icati on s/ E lec Ironies ,  U.S.  Army, 
is  delivering  the  keynote  address  at  the 
Fotirthe  National  Symposium  of  the  So¬ 
ciety  for  Information  Display,  Oct, 
]  -2,  in  the  Shoreham  Hotel,  Washington, 
D.C. 

Formerly  the  Amiy*s  Chief  Signal  Of¬ 
ficer,  Gen,  Gibbs  draws  on  an  extensive 
background  in  electronics,  command  and 
control,  and  display.  This  includes  a  peri¬ 
od  of  activity  in  the  senior  command  staff, 
North  American  Air  Defense  system 
(NORAD)  P 

A  wide  variety  of  technical  papers 
have  been  selected  stressing  information 
display  advances  in  the  fields  of  medi¬ 
cine,  management,  education,  communi¬ 
cations,  command  and  control.  Ernest 
N.  Storrs  is  symposium  program  chair¬ 
man. 

General  Chairman  is  Lewis  R.  Blair, 
Jr.,  assisted  by  Vice  Chairman  Arthur  N. 
Peters,  Show  Manager  is  Frank  Masters. 

In  addition  to  the  technical  programs, 
a  broad  range  of  the  most  modem  infor¬ 
mation  display  equipment  available  will 
be  exhibited. 

Technical  papers  to  be  presented  in¬ 
clude: 

The  JPL  Space  Flight  Operations 
Facility  Display  and  Control  System 
-Present  Experience  and  Future  Re¬ 
quirements  —  A.  S.  Goldstein,  JPL. 

On-Line  Querying  VrA  A  Display 
Console— Harold  S,  Corbin,  Informatics, 
Inc. 

Display  Requirements  of  the  In¬ 
tegrated  Management  Information 
System  gf^ 1968-70  —  Peter  James,  The 
Diebold  Group,  Inc, 

General  Purpose  Display  System 
—  Stanley  L.  Kameny,  System  Develop¬ 
ment  Corp. 


Maj.  Gen.  Gibbs 


Voice  Response  and  Visual  Disi- 
Techniques  for  On-Line  In  form  a  m 
Handling  Systems— F>  Walter  Jeni: 
The  Teleregister  Corp. 

Psychology  of  Color  Experienci 
Anthony  Debons,  University  of  Daytoj 
Narrow- Band  Video  Communii 
tions  System:— Glenn  Southwoith,  ISi 
Brothers  Research  Corp. 

Air  Traffic  Control  Simula tiO 
Using  Digital  Alpha-Numeric  Di 
plays— T.  K,  Wright,  Radiation  Mi 
bourne,  div.  of  Radiation  Inc. 

A  Method  for  Generating  Televj 
sion  Mosaic  Displays— John  W.  Conv 
and  Charles  A.  Berner,  Raytheon  Co, 
Signal  Distribution  for  A  Larg 
Scale  Display— William  C.  Roben 
Advanced  Development  Engrg.  Swrfnt 
div.,  Westinghome 

Digital  Television  Message  Gis* 
era  tor —Vernon  E,  Hupp,  Weather  $)' 
tem  Center,  United  Aircraft  Corp, 

Utilization  of  Lenticular  Fi0 
for  Full-Color  Display  System* 
Daniel  j.  Morrison,  Computer  System 
Section,  BuShips,  U.S.  Navy. 

Matrix  Controlled  Display— A. 
Orimenko,  Data  Recording  and  Displ 
Electronics  Lab,  General  Electric  Co  - 
An  X-Y-Z  Plotter— Martin  Ruderfi 
Dimensions,  Inc. 

Photocromatic  Materials  In  Ifl 


formation  Display  Applications— Ri| 
W.  Roth,  American  Gyanamid  Co. 

Real-Time  CRT  Piiotochromic  Pfl 
jection  Display  —  K.  J.  Stettcn, 
Budd  Co, 

A  Thin  Magnetic  Film  TechntQ^ 
for  Wall  Panel  Display— Mr,  Full 
Laboratory  for  Electronics,  Boston. 

Displays  for  Control  Cent 
Management—  B,  E.  Acton,  Space  &  ^ 
formation  Systems  div.,  North  Americ 
Aviation,  Inc. 
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FOURTH  SID  SYMPOSIUM 
LIST  OF  EXHIBITORS 


THE  BUDD  COMPANY 

Information  Sciences  Center 

WcstgftEe  Research  Park 

McLean.  Virginia  22101 

Miss  Jane  P^  Sharkey 

Supervisor,  Marketing  Services 

Sonlhs  40  and  41 

IH -INDUSTRIAL  PRODUCTS  BIV. 

15191  Bledsoe  Street 

San  Fernando,  California 

Mr,  B.  W.  Jameson 

General  Manager- Instruments 

Booth  31 

burroughs  corporation 

ELECTRONIC  COMPONENTS  DIVISION 

p.  0.  Box  1226 

Plain  fie  id,  New  Jersey 

Mr.  John  L  Turnbull 
banager,  Advertising 

Booth  38 

LTV  MILITARY  ELECTRONICS 

P.  0.  Box  6118 

Dallas  22,  Texas 

Mr*  Roland  Fribourghouse 

Sales  Promotion  Manager 

Booths  45  and  46 

CALIFORNIA  COMPUTER  PRODUCTS,  INC. 

305  Muller  Avenue 

Anaheim,  California 

Mr.  R,  L  Mark 

Sales  Manager 

Booth  32 

L  -  W  PHOTO,  INC. 

15451  Cabrito  Road 

Van  Nuys,  California 

Mr*  R.  H.  Lawrence,  President 

Booth  36 

CELCQ  (Constantine  Engineering  Lab  Co,) 

70  Constantine  Drive 

Mahwah,  New  Jersey 

Mr.  Robert  0.  Meres 

Purchasing  Agent 

Booth  37 

PATWIN  ELECTRONICS 

41  Brown  Street 

Water  bury,  Connecticut 

Mr,  A.  D.  Crook 

Manager,  Market  Planning 

Booth  34 

DATA  SYSTEMS  DESIGN 

217  Broadway 

New  York,  N.Y, 

Miss  Peggy  Sholtz 

Director  of  Marketing 

Booth  11 

PHOTOMECHANISMS,  INC. 

15  Stepar  Place 

Huntington  Station,  New  York 

Mr.  F.  M.  Brown,  President 

Booth  27 

ENCYCLOPAEDIA  BRITANNICA 

425  No,  Michigan  Avenue 

Chic  ago,  Illinois 

Mr.  John  A.  Kelty 
national  Exhibits  Director 

Local:  Mr,  George  H,  Caflesis 

420  N.  VanDorn  St 

Suite  605 

Alexandria,  Virginia 

Booth  35 

gamma  SCIENTIFIC,  INC. 

5841  C  Mission  Gorge  Road 

San  Diego,  California  92120 

Booth  30 

SPECIAL  INSTRUMENTS  LAB 

312  West  Vine  Avenue 

Knoxville,  Tennessee 

Mr.  D.  M.  Potter,  Jr* 

Secretary 

Booth  19 

STROMBERG  CAHLSON  DIVISION  OF 
GENERAL  DYNAMICS  CORPORATION 

P.  0.  Box  127 

San  Diego,  California 

Mr.  P.  B.  Johnson 

Manager  of  Communication 

Booth  39 

THE  MIGHT  COMPANY 

Book  Department 

Washington,  DX*  4 

Mr,  John  Hughes 

Booth  33 

SYLVAN  1 A  ELECTRIC  PRODUCTS,  INC, 

730  Third  Avenue 

New  York  City,  New  York 

Mr.  ft*  L.  Kost 

Advertising  &  Sales  Promotion  Supervisor 
Booth  18 

INFORMATICS,  INC. 

15300  Ventura  Boulevard 

Suite  500 

Stieman  Oaks,  California 

F,  V.  Wagne' 

Vine  President,  Plans  4  Program 

Bocih  20 

UNITED  AIRCRAFT  CORPORATION 

Silver  Lane 

E.  Hartford,  Connecticut 

Mr.  1.  A..  Goodhue 

Director,  Shows  A  Exhibits 

Booths  25  and  26 
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New  Tools  for 
Light  Measurements 


LOG -LINEAR  PHOTOMETER— Model  700 
Transistorized  log-linear  photomultiplier  photo¬ 
meter  has  a  log  range  of  10,000  to  1*  Linear 
mode  linearity  2%,  Correlated  log-linear 
scales.  Battery  operated  for  field  use;  inter* 
changeable  AC  supply,  5J\  \%  mirrored  meter 
Instrumentation  output  for  digital  voltmeter 
or  chart  recorder.  See  accessories  below. 


ACCESSORIES — Model  700 
Photometric  telescope  head  measures  to  ID  * 
foot  lamberts.  Acceptance  angle  readily  change¬ 
able  from 0.1  '  to 6.0°. No  polarization  error,  low 
flare.  Fiber  optic  probe  measures  in  otherwise 
inaccessible  places.  Monochromator  head  for 
spectral  analysis.  True  cosine  head  measures 
to  10  *  foot  candles. 


fa)  LUMINANCE  STANDARD— Model  200 
Produces  100  foot  lamberts  of  illuminant  A 
(2854°  K);  individual  calibration  accurate  to 
2%  absolute.  Luminous  surface, 414"  diameter. 

(b)  Vi*  Telephotometer— Model  T-500 
Transistorized  photomultiplier  battery  operated 
circuit.  .1  to  20,000  foot  lamberts.  No  zero  or 
drift  adjustments. 


PHOTOMETRIC  MICROSCOPE-Model  700  10 
Measures  light  from  area  of  .001",  Couples  to 
model  700  photometer;  X,  Y  vernier  position 
adjustments.  Sturdy,  flexible  stand.  Excellent 
for  electronic  display  light  measurements. 

Write  for  full  details, 

A  GAMMA  SCIENTIFIC, INC. 

5841  Mission  Gorge  Road,  San  Diego  20,  Calif. 

ACTION  AT  BOOTH  30  FALL  S,LD, 
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EDITORIAL  ADVISORY  BOARD 


ID  Duthors 


Dr.  Ruth  M*  Davis 

Staff  Assistant  to 
the  Special  Asst-  for 
Intelligence  and  Re¬ 
connaissance,  Office 
of  Director  of  De¬ 
fense  Research  & 
Eng.,  Dept,  of  De¬ 
fense,  Ruth  M.  Davis 
received  a  BA,  in  Mathematics  from 
American  University  and  a  B.A.  and 
PhD  in  Applied  Mathematics  from  the 
University  of  Maryland* 

Dr.  Davis  has  worked  with  military 
intelligence  branches  of  the  Navy  since 
,1957,  She  has  published  several  articles 
on  military  information  display  systems 
and  currently  serves  as  Chairman  of 
SID  s  Honors  &  Awards  Committee. 


Dr.  Helmut  Weiss 

Manager  of  Ford/ 
Phi  leu  Aero  nut  ronic’s 
Electro-Optics  Dep  t . , 
Helmut  Weiss  direct¬ 
ed  the  development  of 
one  of  the  first  fully 
automated  display  sys 
tem  for  the  Army, 

After  studying  physics  and  mathe¬ 
matics  in  Berlin  and  at  the  Universities 
of  Goettingen  and  Tuebingen,  Mr.  Weiss 
received  a  PhD  in  physics  in  1939* 

In  addition  to  work  in  wide-angle 
projection,  Dr.  Weiss  has  specialized  in 
many  areas  of  information  display  tech¬ 
niques  and  authored  several  papers  in 
the  field.  He  is  a  charter  member  of  SID. 


Mr.  A.  C.  Stocker 

Mr*  Stocker  is  the  specialist  in  dis¬ 
plays  with  the  Systems  Engineering, 
Evaluation  and  Research  Group  o£  ROA'k 
Defense  Electronic  Products  Division, 

He  has  experience  In  the  early 
phases  of  system  development,  from 
television  in  1930  to  reconnaissance  satel¬ 
lites  in  1958,  He  is  versed  in  CRT  tech¬ 
niques,  photography,  optics,  and  photo¬ 
metry* 

Mr.  Stocker  received  a  BEE  at  Ohio 
State  University  in  1928,  He  has  worked 
for  RCA  since  then,  except  during  his 
service  with  the  Navy  in  World  War  II. 
His  interest  in  the  problems  of  command 
and  control  originated  during  the  inva¬ 
sions  of  Africa  and  Sicily.  He  holds  32 
patents,  and  is  a  member  of  SID. 


A  technical  Society  journal  is  always  a  difficult  publication  for  which  to  provide  meaningfj 
editorial  material.  Within  an  interdisciplinary  fieid  such  as  information  display  may  be  found t spec io|l 
(Sts  ranging  from  psychologists  to  electronic  engineers,  psychophyii cists,  equipment  designers,  sysitrr* 
analysts,  optical  and  solid-state  physicists  and  engineers*  Obviously,  there  must  be  an  underlyi^j 
thread  of  common  interest  in  such  a  diverse  assemblage  of  disciplines,  yet  there  is  also  a  basiJJ 
difference  in  academic  training,  problem  approach,  and  terminology. 

In  order  to  establish  and  maintain  a  dynamic  editorial  policy,  a  distinguished  team  of  co 
sultants  has  been  brought  together  to  form  the  Editorial  Advisory  Board  for  information  Display! 
the  Official  Journal  of  the  Society  for  Information  Display.  By  means  of  this  Board,  the  SID  will 
assured  of  continuing  review  at  the  highest  professional  level  of  papers  to  be  published  and 
to  be  covered. 

Members  of  the  Editorial  Advisory  Board  represent  the  dominant  disciplines  active  in  the  field 
of  information  display,  both  in  private  industry  and  in  government  agencies.  Some  are  introduce* 
below,  in  r  is  first  issue  of  Information  Display, 


Dr.  H.  R,  Luxenberg 

Charter  member 
and  first  president  ol 
the  Society  for  Infor¬ 
mation  Display,  Dr. 
H*  R*  Luxenberg  is 
currently  a  member 
of  the  technical  staiF 
at  the  Bunk  cr-R  a  mo 
Corporation,  Canoga  Park,  Calif. 

Previously,  he  was  Vice  President 
and  Dir.  of  Engineering  at  Houston- 
Fearless  Corp,;  Manager,  Display  Dept., 
Ram  o -Wooldridge  Corp*;  Manager,  Com¬ 
puting  Center,  Litton  Industries;  Head 
Simulation  and  Analysis  Croup,  Reming¬ 
ton -Hand  UNI  VAC  Division;  and  (1951- 
52)  Research  Physicist,  Hughes  Aircraft 
Co* 

From  1942-45,  Dr,  Luxenberg  served 
as  Weather  Officer  and  Instructor  In 
Meteorology,  in  the  Aleutian  Islands, 

His  computer  experience  ranges  from 
operation,  checkout  and  maintenance  of 
the  N a tn’l  Bureau  of  Standards  Western 
Automatic  Computer  to  programming, 

logical  design,  system  analysis  and  simu¬ 
lation  for  many  command  and  control 
systems*  He  has  recently  been  concen¬ 
trating  on  problems  of  image  enhance¬ 
ment,  data  display  and  data  storage  and 
retrieval. 

Mr.  Petro  Vfahos 

3  Mr,  Vlahos  holds 

an  EE  degree  from 

the  University  of  Cali- 

IVSP^  forma.  He  is  eurrent- 

w  ly  on  the  Special  Stu- 

dies  Staff,  Defense 
^  Vfl  Systems  Division,  at 

—  “  -  System  Development 

Corp,  He  initially  worked  with  displays 

as  an  engineering  group  head  at  Douglas 
in  1941,  and  later  with  radar  displays  at 
Western  Electric  in  1944* 

From  1946-60,  Mr,  Vlahos  was  en¬ 
gaged  in  R&D  for  the  Motion  Picture 


Research  Council,  where  he  did  extej 
sive  work  in  acoustics,  lighting,  pmje 
tion  optics  and  screens,  camera  raj 
stability,  3-D,  and  special  photograph 
processes.  This  work  resulted  in  sever; 
patents,  including  three  widely  used  sr 
term  for  traveling  matte  photograph 
He  joined  SDC  in  I960, 

Mr.  Vlahos  has  lectured  on  informs 
tion  display  at  UCLA,  and  on  tele  vista 
recording  techniques  at  USC* 

In  addition  to  membership  in  olhi 
professional  societies,  Mr.  Vlahos 
Western  Regional  Director  of  SID  m 
Chairman  of  the  Los  Angeles  Chapter* 

Dr.  Carlo  P,  Crocettf 

tDr,  Carlo  P.  Cr 
eetti  has  been  cm 
ployed  at  Rome  Ai| 
D  eve  1  opm  en  t  ( *e  t  itc 
from  1953  to  tlii 
present  time.  He  hil 
served  in  various  atf 
pacities  ranging  froif 
Project  Engineer,  Chief  Human  Eng 
neeving  Laboratory,  to  his  current  posi 
tion  as  Chief,  Display  Technique 
Branch,  He  is  responsible  for  R&D 
new  information  presentation  technique 
and  technical  support  to  Air  Force  pto 
ject  offices  in.  acquiring  display  subsyS 
terns* 

Carlo  Crocetti  was  born  March  l 
1928.  His  higher  education  was  acquin 
at  Columbia  University,  where  he  ri 
ceived  an  A*  B.  degree  in  1948,  A*  M. 
1949,  and  PhD  in  1951.  From  195 1-5] 
he  was  on  active  duty  with  the  AF. 

His  fields  of  specialization  inelud 
photometry  and  colorimetry,  systetf] 
and  human  factors  in  displays* 

He  is  a  member  of  the  America' 
Association  for  Advancement  of  Science 
Sigma  Xi,  Psycho  nomic  Society,  A  men 
can  Psychological  Association,  Ann^ 
Forces  Vision  Committee,  and  SID. 
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EL  lets  you  create  your  own  readout  language. .  .and  at  low  cost! 


The  versatility  of  Sylvan ia  EL  makes  it 
adaptable  to  so  many  uses.  In  combina- 
tt°n  with  gauges  and  measuring  de- 
vices-  its  high  visibility  is  ideal  for 
indicating  readings  in  process  instru¬ 
mentation,  telemetering,  timing,  pro¬ 
gramming,  f  tows,  pressures,  levels,  and 
so  on.  You  name  it. 

Once  we  know  your  requirement,  the 
res*  is  in  the  hands  of  Sylvan  ia  engi- 
neers  who  custom-design  EL  to  suit  the 
Problem. The  readout  can  be  designed  to 
niany  forms— often  letters  or  numbers, 
f  even  bar  graphs,  pie  charts,  direc¬ 


tional  arrows  or  STOP-GO  indicators. 
Remember,  too,  that  it's  easy  to  add 
static  symbols  of  any  type  or  shape  to 
your  EL  display,  whatever  its  applica¬ 
tion.  And  because  no  costly  tooling  is 
involved,  itTs  also  relatively  Inexpensive, 
Using  either  photographic  or  special 
printing  processes,  the  symbols  of  your 
choice  are  transferred  to  EL  quickly, 
expertly  and  accurately. 

The  many  features  of  EL  are  ideal  for 
display  requirements  that  call  for  relia¬ 
bility,  minimum  power  consumption, 
light  weight  and  compactness.  Always 


clearly  readable,  the  modern-looking 
numbers  and  letters  have  no  lines  or 
gaps  separating  them.  ELTs  long  life  is 
directly  traceable  to  its  basic  solid  state 
design  and  construction  using  phos¬ 
phors  instead  of  filaments.  And  unlike 
other  readouts,  EL  is  not  subject  to  cat¬ 
astrophic  failure,  nor  is  it  adversely  af¬ 
fected  by  turning  the  display  on  and  off. 

Consider  versatile  EL  for  your  next 
display  application.  Call  in  yourSylvania 
sales  engineer,  or  write  to  Electronic 
Components  Group,  Sylvania  Electric 
Products  Inc,,  Box  87,  Buffalo,  N.  Y. 


SYLVANIA 

SUBSIDIARY  OF  TJI 

GENERALTELEPHONE  &  ELECTRONICS  O  1 &H/ 

new  CAPABILITIES  IN:  ELECTRON  1C  TUBES  •  SEMICONDUCTORS  *  MICROWAVE  DEVICES  ■  SPECIAL  COMPONENTS  ■  DISPLAY  DEVICES 
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Readout  Increases  Brightness 

Character  brightness  on  l he  Scries  80, 
large  screen,  12  position,  rear-projection 
readout  device,  manufactured  by  Industrial 
Electronic  Engineers,  has  been  increased 
from  26  foot  lamberts  to  45  fool  Lamberts 
through  the  use  of  the  No.  1886  incandes¬ 
cent  lamp.  The  lamp  operates  at  6.3  volts, 
,90  amps,  with  5.9  watts.  Rated  life  is  3,000 
operating  hours.  The  No.  1886  lamp  lias  a 
longer  filament,  so  that  the  lens  system  of 
the  readout  device  is  able  to  pick- tip  more  of 
the  light  produced  by  the  lamp  and  can  thus 
project  a  brighter  image. 


* 


a 


Data  Display  Oscilloscope 

MS -3  Data  D i splay  Oscilloscope  pre¬ 
sents  a  17-inch  CRT  display  of  data  for 
quick-look  monitoring.  The  afb  solid- state 
unit  is  self-contained  with  sweep  circuitry 
and  power  supply  in  17Ja  inches  of  rack 
space. 

Specifications  include  a  true  differential 
input,  60  lines  per  inch  resolution,  linear¬ 
ity,  sensitivity  ranges  from  5  millivolts  per 
centimeter  to  50  volts  per  centimentcr,  ±2% 
input  attenuator  accuracy,  30-second  warm¬ 
up  with  drift  of  less  than  0.5  centimeters  in 
8  hours,  and  internal  sweep  ranges  from  10 
microseconds  per  centimeter  to  0.1  seconds 
per  centimeter.  Power  requirement  is  115V 
AC,  50  to  60  cps,  100  watts  nominal. 

Contact  Katike  and  Compnay,  subsidi¬ 
ary  Applied  Development  Corp.,  1161  Mon¬ 
terey  Pass  Road,  Monterey  Park,  California. 
Telephone:  213-264-2962,  att:  John  Kauke. 
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For  further  information  on  IEE  rear- 
projection  readouts,  write  Robert  Burtner,  In¬ 
dustrial  Electronic  Engineers,  7720  Lemona 
Ave.,  Van  Nuys,  Calif.,  or  phone  A.  C.  213 
877-1144. 
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New  Cathode  Ray  Tube 

CRT  featuring  high  resolution  at  ultra- 
high  brightness  over  a  large  viewing  area, 
originally  developed  for  use  in  astronaut 
training  by  General  Atronics  Corp.,  is  now 
available  for  industrial  applications  in  char¬ 
acter  writing  systems  and  for  TV  monitor 
displays. 

Designated  the  ETC  Ml  192,  the  CRT 
has  a  round,  7”  optically  hat  face-plate 


Highest  resolution 


The  best  Deflection  Yoke  for 
your  display  is  the  one  that  meets 
your  total  system  requirements, 
at  the  lowest  cost,  delivered  on 
time,  For  most  displays  you  can 
select  that  best  yoke  directly  from 
the  CELCO  Display  Engineering 
Manual. 


Rotating 


Which  CRT?  —  What  Resolution? 

—  Drive  Circuitry?  —  Shielding? 

—  Recovery  Time?  —  Environ¬ 
ment?  —  Measurement?  —  WE 
KNOW!  Coil  for  free  Engineering 
Consultation.  When  other  sources 
fail,  we  produce  workable 
solutions. 


Write  for  our  Yoke  Brochure 


(?AH6tOKtiKC  ^0$0*afo/ZC£d  @ 6 


TEL  201-327-1 123 


MAHWAH,  N.  J. 


TWX  201-327-1435 


Circle  Reader  Service  Card  No.  27 


with  a  useful  scan  area  of  6h".  The  sfnjJ 
gun  tube  is  magnetically  focused  and  ^ 
fleeted. 

Makers  of  the  new  tube  claim  it  \u 
been  operated  at  13.5  KV  for  high  light  tm 
put  of  160  foot  lamberts  over  the  total  usejj 
scan  area  with  a  center  spot  diameter  of 
mils.  At  lower  level  brightness,  spot 
diameter  approaches  five  mils  or  less.  TJ 
tube  may  be  operated  up  to  IS  KV  \vj| 
attendant  higher  brightness  and  better 
size  at  higher  voltages.  Contact  Ray  Ka 
bert,  Sales  Manager,  Electronic  Tube  Dii 
General  Atronics  Corp.,  1200  E,  Meriusi 
Lane,  Philadelphia.  Phone:  A.  C,  215  Q 
8-3700, 
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New  Projector  Has  Varied  Lises 

New  series  of  SCOP  US -II  projectors  fq 
information  display  systems  by  R clock 
strument  Corp.,  are  designed  as  plot  I  in] 
reference  or  spotting  projectors.  Project 
which  uses  mylar  film  to  provide  stable  a q{ 
unbreakable  plotting  medium,  is  available  t 
wide  range  of  outputs  and  can  be  used  as 
single  unit  or  in  multiple  combinations 
suit  any  system  complexity  desired,  Inpf 
data  can  be  received  from  digital  and  anl 
log  computers  or  manually  operated  COJitn 
units. 


For  prices  and  delivery  dates  eontfl 
Bernhard  A.  Bullwinkel,  B cluck  Instrume 
Corp.,  112-63  14th  Avenue,  College  Poftj 
New  York,  or  phone  A.  C.  212  HI  5-4206. 
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Electro-optical  Photo  Pen 

New  electro -optical  pen  from  Sandd 
Associates  controls  the  generation  of  tligfo 
pulses  to  read,  edit,  and  transmit  infondj 
tion  from  PPI  and  character  generate 
CRTs.  The  triggered  pulse  coincides  wfl 
the  leading  edge  of  the  CRT  writing  pul: 
Linking  to  the  computer  is  accomplished  fe 
gat i rig  with  proper  voltage  and  impede 
values. 

To  identify  the  area  on  the  tube  fat 
being  sampled,  a  ring  of  light  is  project* 
from  the  outer  bundle  of  the  coaxial  op  I  id 
fiber  light  pipe.  Variance  in  the  sample 
area  is  achieved  by  moving  the  pen  cM 
or  further  from  the  tube  face. 

The  complete  unit  is  comprised  of  a 
unit  and  a  detector -electronics  package  ^ 
eluding  a  40 -inch  flexible  cable.  Contact 
M,  Leavy,  Applied  Physics  Dept.,  Saudd 
Assets,,  95  Canal  Street,  Nashua,  Nq 
Hampshire,  or  phone  At  C*  603  TU  3-332' 
Circle  Readier  Service  Card  No,  36 
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Celco  Deflection  Amplifier 

w  voltage-to-cu  rrent  converter  to 
A]  .fa  ction  yokes,  the  Ceico  Ultra-Linear 
drive  <  £  ^mplifien  is  currently  available 
pellcv  ^  \VVl^  delivery,  A  de  coupled  am- 
0UJ,  the  unit  can  drive  a  variety  of  induct* 
pliiicL  j  t  (aims  unrestricted  input  wave 
l‘llC(  S  output  current  through  the  yoke  is 
input  impedance  is  one  megohm. 


The  dc  linearity  is  ±.05%  of  full  output 
current.  Absolute  error  is  less  than  5  mv; 
olFset  for  zero  input  is  zero;  drift  0,1  mv  per 
degree  C  from  0  to  50°  C. 

Contact  Bob  Reese,  Celco  Pacific,  1150 
^  8th  St,,  Upland,  California  or  phone  A,  C, 
714  YU  2-0215  for  complete  details. 
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Alphanumeric  Display  Generator 

Display  of  computer  teletype  data  on 
standard  ho  rue -type  television  receivers  is 
available  through  development  of  an  alpha¬ 
numeric  display  generator  by  Nordcn  div.s 
United  Aircraft  Curp. 

Norden’s  generator  is  capable  of  ac¬ 
cept  iag  slv  teletype  messages  of  up  to  180 
diameters  each  and  displaying  two  messages 
simultaneously.  The  all-miero'clcctrrune  sys¬ 
tem  cun  be  used  for  information  systems 
for  military  command  and  control;  weather 
forecast  reporting,  airline  schedule  reporting, 
stock  quotation  displays,  and  factory  data 
reporting  and  other  applications. 

Write  Nordcn  Div>,  UAC,  Helen  St, 
Norwalk,  Conn.,  or  phone  George  Flynn, 
A.  C.  203  838-4471. 
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Illuminated  Push  Button  Switch 


Pen 

from  Sane 

*  blaster  Specialties  Telllte  is  a  two  lamp, 
1  ,r  nj‘i  ill  llS  \  counted  illuminated  push  button 
CF  vi»£'V^C1‘  ^t<chmgular  front  lens  evenly  ilium  i- 

wrainn  miBnilteS  .aemss  entire  lens  face  when  lamps  are 
Lamp  replacement  is  accomplish* 
!  .  v  1^  T  r°m  panel  without  use  of  any  tools.  Front 
id  it  i  which 

may  he  engraved  for  identify 
i  ,  i  u  ^<l  1011  of  the  function  being  monitored,  is 
iL.  U  xi  \Mre  ^  *ield  to  the  light  capsule  by  mating 

aml  *nay  be  removed  by  sliding  the 
coaxial  opwwu  apf|r( 

the  sanipf  p  *  J  ,  „ 

he  pen  d<f  scrpu  "'*y.  *°  'ntmnt  by  simply  turning  the 
'  Hrc  t  hidden  in  the  unit  housing  with  a 

J-icpd  of  a  r*Vor*  the  mounting  sleeves  are  drawn 

s  package  »  position  behind  the  front  panel 
.  Contact  l1*  \.j  ^0r  completet  product  line  data  contact 

3eph,  15020  S.  Figueroa,  Gar- 

Nashua,  ^ p  California,  att:  Bill  Franklin  or  phone 
)3  TU  3/tfl  '  ‘  321-8450, 

No.  36 


Hi-speed  Projection  Plotter 

High-speed  projection  plotter  from  LTV 
Military  Electronics  Dlv.,  Ling-Temco* 
Vought,  writes  and  simultaneously  displays 
information  as  rapidly  as  1200  alphanumeric 
characters  per  minute. 

To  obtain  this  speed,  the  plotter  uti¬ 
lizes  high-resolution  d-c  torque  motors  in 
place  of  conventional  servo  devices.  Two  of 
the  motors^one  for  the  X  avis  and  one  for 
the  Y  avis— position  a  stylus  directly,  without 
backlash,  gear  trains,  or  complex  mechanical 
linkages.  The  stylus  scribes,  with  essentially 
infinite  resolution,  through  an  opaque  coat¬ 
ing  on  a  thin  glass  plate,  and  through  which 
a  lens  system  projects  high  intensity  light 
to  a  large  display  screen.  The  torque  motors 
position  the  stylus  in  response  to  analog  volt¬ 
ages  or  from  the  output  of  a  computer. 

Magnetic  Technology  makes  the  torque 
motors.  For  more  details  on  die  plotter,  con¬ 
tact  LTV  Military  Electronics  Div,,  P.  O.  Box 
6118,  Dallas,  Texas,  att;  Roland  Fribourg- 
house  or  phone  A.  C,  214-RR  6-7111. 
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Writing  unjfromity  under  conditions  of  dy¬ 
namic  erasure,  providing  high  detection  sen¬ 
sitivity  of  remote  weak  targets  without  over¬ 
writing  any  portion  of  the  display.  Useful 
screen  area  of  the  KS2329  is  9  inches. 


For  specifications,  prices,  and  delivery 
dates,  write  Electronic  Tube  Sales.  Du  Mont 
Laboratories,  Clifton,  New  Jersey,  or  phone 
Rol>ert  Dentsch,  Sales  Manager,  A,  C.  201 
PR  3-2000. 
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Eleven-Inch  Direct-View  Storage  Tubes 

Direct- view  storage  tube  for  varied  dis¬ 
play  applications  is  the  Du  Mont  type 
KS 2329— an  11  &  inch  maximum  diameter 
Bat-face  lube  with  single  write- gun.  The 
new  tube  was  developed  by  Du  Mont  Labor¬ 
atories  Div,,  of  Fairchild  Camera  and  In¬ 
strument  Corp, 

The  tube  was  designed  with  electro¬ 
static  deflection  for  use  in  radar  systems 
having  a  wide  variety  of  sweep  rates.  The 
improved  design  overcomes  limitations  to 


Plastic  Fixed  Neon  Indicator  Light 

Sub- miniature  fixed  neon  indicator  light 
with  2  fixed  terminals,  Model  862,  from  The 
Sloan  Company,  features  streamlined  tapered 
lens  design,  is  of  plastic,  utilizes  high  bright¬ 
ness  neon  bulbs  and  mounts  in  5/I6,F  dia¬ 
meter  hole.  Overall  length  is  13/16".  Com¬ 
pany  states  all  material  a  ml  processes  meet 
or  exceed  applicable  mil-specs.  Lenses  avail¬ 
able  in  red,  white,  am  tier  or  dear.  In  addi¬ 
tion,  the  862  series  is  also  available  with  in¬ 
candescent  bulbs.  Contact  The  Sloan  Com¬ 
pany,  P.O.  Box  367,  Sun  Valley,  California, 
att;  C.  S.  Sloan,  or  phone  A.  C.  213  TR 
7-1123  for  immediate  assistance. 
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Medium:  Random  Access 
Selectroslide 

.  for  Instant  Recall  of  Slides 


m  Public  Service  Co.  of  Indiana 
uses  a  96-slide  Random  Access 
Selectroslide  to  check  circuits  in 
substations  and  between  towns  on 
their  power  lines  to  assist  their 
dispatchers.  •  The  system  shows 
itself  best  under  emergency  situa¬ 
tions  where  all  that  is  necessary 
to  refer  to  a  diagram  Is  the  select¬ 
ing  of  two  digits  instead  of  thumb¬ 
ing  through  96  large  sheets  of 
paper.  From  his  desk  an  operator 
can  select  and  change  35mm 
slides  to  observe  the  particular 
situation  under  discussion.  * 

Throughout  the  country  the 
Random  Access  Selectroslide  is  highly  prized  for  its  perfectly  engineered  construc¬ 
tion  and  faultless  performance  by  scores  of  military  command  and  control  centers, 
by  the  aircraft,  rockeb  missile  and  space  industry,  by  management,  in  education  and 
medicine  for  teaching  and  training,  for  assistance  in  research  and  development.  ■ 
Write  for  information  and  descriptive  literature  on  our  Manual,  Junior,  Standard, 
Reversible,  Dual,  Digital  Readout,  and  Random  Access  Selectroslides;  Speed  Dissolve 
System  and  Radio  Remote  Control. 


IfsaWpfre 

Established  1924 


2201  Beverly  Boulevard 
Los  Angeles,  California  90057 
Telephone:  389-1288  Area  213 

“Merit  Award  Winner"™  Brussels  World's  Fair 
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SID  Sustaining  members 


Aeronutrofiic  Division 
Philco  Corporation 

A  Subsidiary  of  Ford  Motor  Company 
Newport,  California 

Aerospace  Corporation 
San  Bernardino,  California 

General  Dynamics/EIectromcs 
San  Diego,  California 


Sylvania  Electronic  Tubes 

Division  of  Sylvania  Electronic  Products,  Inc. 
Seneca  Falls,  New  York 

Bunker-Ramo  Corporation 

TRW/Ramo  Wooldridge  Division 
Canoga  Park,  California 

ITT  Federal  Laboratories 
A  Division  of  International  Telephone 
and  Telegraph  Corporation 
Nutley,  New  Jersey 


INFORMATION 


The  Display  Transmission  Gene- 
rator  automatically  selects  and 
stores  26  teletype  messages  of  up 
to  145  characters  each,  and  wilt 
update  and  edit  any  or  all  mes¬ 
sages.  Any  6  of  these  messages, 
selected  by  an  operator,  can  be 
converted  to  alphanumeric  charac¬ 
ters  by  a  solid  state  television 


character  generator  and  trans¬ 
mitted  to  remote  television  re¬ 
ceivers.  The  Generator,  in  con¬ 
junction  with  teletype  inputs  and 
standard  television  receivers,  can 
satisfy  the  requirements  for  rapid 
production,  dissemination,  and 
video  display  of  data  in  a  variety 
of  information  systems. 


For  more  information  about  the  Display  Transmission  Generator  or  other 
data  handling  and  display  equipment ,  contact  R *  Shuart ,  2Q3-677-973L 


United 

Aircraft 


Corporate  Systems  Center 

Farmingtor\  Connecticut 
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To  provide  fresh,  vital . . .  two  and  three  dimensional  tracking  data 
projected  against  any  reference  background  ...  in  color . .  .  with  wide 
range  choice  of  symbology  ...  at  the  near  real  time  speed  now  possible 
with  the  new  LTV  7000  electro-mechanical  projectors*. .  . 

This  is  a  brief  insight  into  an  LTV  display  system  . .  .  indispensable  FOR 
THOSE  IN  COMMAND  OF  THE  SITUATION  .  . . 

More  than  70  versatile  LTV  display  systems  are  in  operation  for  missiles, 
satellite  and  space  tracking,  shipboard  CIC,  air  defense  and  battlefield 
command. 

Contact  LTV  today  for  information  about  complete  “Dynamic  Plotting 
Projection  Displays”  in  ail  sizes  for  air,  sea  or  land  installations.  LTV 
Military  Electronics  Division,  P.  0.  Box  6118,  Dallas,  Texas  75222. 

EL6CTRO/S//CS 

A  DfV/S/OW  O  F=  UtMO-TElVI<DO-\/C3UGMT-,  itStCZ 

On  Exhibit  at  Society  for  Information  Display  Show,  October  1  &  2,  Shoreham  Hotel,  Washington, 
D.C.  &  Association  of  U.S.  Army  Show,  November  16-18,  Sheraton-Park  Hotel,  Washington,  D.C. 
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»THE  NEW  LTV  7000  HIGH  SPEED 
DISPLAY  SYSTEM  PROJECTOR  PLOTTER 

Full-scale  excursion  time  60  milliseconds 
Adjacent  symbols  per  sec.  20 
Random  symbols  per  sec.  10 
Dimensions:  12"long  7"  wide  ll%"high 


Some  of  the  DDI 
Display  Systems 
Currently  in  Use 


Model 

System  Description 

dd  10 

Mu  Iti -Station  remote  data  entry 
and  retrieval  system 

dd  13 

Command  and  control  system  de- 
sign  console  with  internal  graphic 
scanning  capability 

dd  i3e 

Range  safety  officer  impact  pre¬ 
diction  display  console  and  camera 
recorder 

dd  1  6 

High  speed  electronic  point  plotter 

dd  19 

Multi -monitor  command  ond  con¬ 
trol  display  system  for  computer 
time  shoring  evaluation 

dd  20 

Display  plotter  for  telemetry  data 
reduction  ond  processing 

dd  26 

Computer  output  point  plotter  and 
numeric  display  console 

dd  36 

Computer  output  numeric  display 
indicator 

dd  39 

Sem  i  -  a  u  t  omo  t  ic  me  ssag  e  com  p  o$er 
and  data  entry  console 

dd  A0 

General  purpose  modular  computer 
input/output  display  system 

dd  55 

Digital  radar  indicator  and  com¬ 
puter  input/output  console 

dd  51 

General  purpose  alphanumeric  dis¬ 
play  system 

dd  51 /m2 

Special  purpose  data  storage  and 
retrieval  system 

dd  52 

Special  purpose  computer  control 
console 

dd  60 

Large  scale  computer  console 

dd  65 

Experimental  digital  radar  indica¬ 
tor  and  computer  input/output  sys- 

tent 


dd  68 

Multi-monitor  digital  radar  indica¬ 
tor  and  weapons  system  simulator 

dd  73 

Multi -console  command  and  con¬ 
trol  system 

dd  74 

Multi -monitor  data  storage  and  re¬ 
trieval  system 

dd  79 

Military  command  and  control  con¬ 
sole 

dd  B0 

High  speed  microfilm  recorder 

dd  81 

Very  large  scale  data  reduction 
and  display  system 

_ J 


computer 

display 

specialists 


At  DATA  DISPLAY,  INC.,  the 
entire  field  cf  digital  CRT  dis¬ 
plays  is  served — not  just  one 
or  two  segments  of  the  field. 
DDI  systems  in  use  today 
cover  the  spectrum  of  graphic 
and  alphanumeric  displays. 
From  dd  10  (multi-station  in¬ 
formation  entry  and  retrieval 
system)  through  dd  40  (on¬ 
line,  soft-copy  information 
display)  to  dd  80  (microfilm 
or  full-size  sheet  form  graph¬ 
ic  recorder),  DDI  consoles 
serve  the  broadest  range  of 
computer  display  require¬ 
ments. 

For  complete  details  on 
which  currently  available  DDI 

model  is  best  suited  to  your 
information  display  needs, 
contact  DATA  DISPLAY,  INC., 
today. 


•  ••  t  t* 

ft  Mil*  » 


DATA  DISPLAY 

INCORPORATE  D 


1820  COMO  AVENUE 
SAINT  PAUL,  MINN. 
Area  612  646-6371 


Microfilm  Recorder* 


Records  alphanumeric  and  graphic  computer  uutp 
on-line  speeds  of  110,000  charaderi,  170,000  y6 
and  220,000  points  per  second  in  page-at-o-tlme  f( 
on  35mm  microfilm* 


SSt" 


RtgioA  1 


Command  and  Control  * 

Reel  lime  monitoring  of  military  and  business  stfl 
once  inputs.  Mon-to-compuler  communication  devia 
eluding  typewriter  keyboard,  light  pencil,  and  Ira 
are  available. 


def  40  "  MQDLLAR  data  display  system 
TECHNICAL  DESCRIPTION 

The  dd  40  is  z  woeful  or  digitally  driven  display  system  cf', 
signed  fqr  effective  optl  i col  i eti  tp  a  nidt  .rengt  af  display  R" 
qui regents.  Tg  achieve  !his  flevibil;ty  aL  Idh  c&s!,,  Lh* 
design  Ifa’.uris  □  «ni n ibtAE  or  basic,  iys  Lem  nh i ch  xa*  be  et~ 
Pdnded  by  including  op  I I onaJ  modular  {*□ Lufes . 

7h*  has  if  dd  40  system  is  c  '9-  nth  CRT  (Whiter  oreteMal'fj 
designed  is  uperoi;  directly  an* tine  lo  o  digstcl  compute t- 
Inclgtfes  interface  logic,  symbol  generator,  display  control 
Jo$‘c,  and  the  CRT  display.  The  basic  system  can  disp]dy  3/jJ 
symtials  at  random  pa; i  Lion;  an  a  12.8  inch  square  area  at  a 
40  cps  repel 1 1  ion  Cate. 

Normq | |y  used  «i lb  the  basic  dd  tfC  System  HOuJd  be  some  <3 
bindtion  cl  the  available  options  including: 

Vector  and/or  |  i ne  dnmi ng  f apafc r ]  i  tyf 

Tabular  |  Lypei^r i  le r- 1  i k«]  wrd  formal, 

Parq||e|  female  eon i lor  Is) , 

Suffer  memory  I FdI  o![-line  display  repeLitiOn}, 

Camera  recorder  I  for  hiyb  speed  dala  recording]. 


Information  Retrieval* 

Typewriter  keyboard  input  lo  a  buffer  memory,-  d1| 
verification;  block  transmission  and  receipt  of  dat°J)jj 
phone  subset  com  potability. 


*  Reproduction  of  unrefoutfted  photo  showing  in  * 
tioo  being  displayed  on  DD/  display  systems. 
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